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LETTER  OF  TRANSMITTAL. 


BozEMAN,  MOxNTANA,  January  29,  1902. 
To  His  Excellency,  Joseph  K.  Toole, 

Governor  of  Montana. 

Dear  Sir:— In  accordance  with  the  Congressional  act  of  March 
2,  1887,  I  have  the  honor  to  transmit  herewith  the  eighth  annual 
report  of  the  Montana  Experiment  Station  for  the  fiscal  year  end- 
ing June  30,  1901. 

Very  respectfully, 

S.    FORTIER, 

Director. 


MONTANA  AGRICULTURAL 

EXPERIMENT  STATION 


BOZEMAN,  MONTANA. 


STATE  BOARD  OF  EDUCATION. 

Joseph  K.  Toole,  Governor,  1 

James  Donovan,  Attorney-General,  >  Ex-Officio Helena 

W.  W.  Welch,  Supt.  of  Public  Instruction,  J 

J.  M.  Hamilton Missoula 

J.  P.  Hendricks Butte 

N.  W.  McCoNNELL Helena 

O.  F.  GoDDARD Billings 

O.  P.  Chisholm Bozeman 

J.  G.  McCay Hamilton 

G.  T.  Paul Dillon 

N.  B.  HoLTER Helena 


EXECUTIVE  BOARD. 

Walter  S.  Hartman,  President Bozeman 

John  M.  Roblnson,  Vice-President Bozeman 

Peter  Koch,  Secretary Bozeman 

Joseph  Kountz Bozeman 

E.  B.  Lamme Bozeman 


STATION  STAFF, 

S.  FoRTiER,  Ma.  E Director  and  Irrigation  Engineer 

F.  W.  Traphagen,  Ph.  D.,  F.  C.  S Chemist 

RoBT.  S.  Shaw,  B.  S.  A Agriculturist 

J.  W.  Blankinship,  Ph.  D Botanist 

R.  A.  CooLEY,  B.  Sc Entomologist 


Post  OflSce,  Express  and  Freight  Station,  Bozeman. 


All"  communications  for  the  Experiment  Station  should  be 
addressed  to  the  Director, 

Montana  Experiment  Station, 

Bozeman,  Mont. 

NOTICE— The  bulletins  of  the  Station  will  be  mailed  free  to 
any  citizen  of  Montana  who  sends  his  name  and  address  to  the 
Station  for  that  purpose. 


REPORT  OF  THE  TREASURER. 


The  Experiment  Station-of  the  Agricultural  College  of  the  State  ol 
Montana  in  account  with  the  United  States  appropriation, 
1900-01. 

Dr. 

To  receipts  from  the  Treasurer  of  the  United  States  as 
per  appropriation  for  fiscal  year  ending  June  80, 
1901,  as  per  Act  of  Congress;  approved  March  2, 
1887 $15,000.00 

Cr. 

By  Salaries 8,129.38 

Labor 3,000.00 

Publications 1,518.31 

Postage  and  stationery 171.62 

Freight  and  express 286.37 

Heat,  light,  water  and  power 266.45 

Chemical  supplies 89.82 

Seeds,  plants  and  sundry  supplies 477.05 

Fertilizers 9.50 

Feeding  stuffs 73.47 

Library 116.25 

Tools,  implements  and  machinery 422.10 

Furniture  and  fixtures 162.50 

Scientific  apparatus 277.18 

Total $15,000.00 

We,  the  undersigned,  duly  appointed  Auditors  of  the  Corpora- 
tion, do  hereby  certify  that  we  have  examined  the  books  and 
accounts  of  the  Experiment  Station  of  the  Agricultural  College  of 
the  State  of  Montana  for  the  fiscal  year  ending  June  30,  1901 ; 
that  we  have  found  the  same  well  kept  and  classified  as  above,  and 
that  the  receipts  for  the  year  from  the .  Treasurer  of  the  United 
States  are  shown  to  have  been  $15,000.00,  and  the  corresponding 
disbursements  $15,000.00;  for  all  of  which  proper  vouchers  are 
on  file  and  have  been  bj'-  us  examined  and  found  correct,  thus 
leaving  no  balance. 

And  we  further  certify  that  the  expenditures  have  been  solely 
for  the  purposes  set  forth  in  the  Act  of  Congress  approved  March 

2,  1887.  Signed  : 

Attest:  John  M.  Robinson, 

Peter  Koch,  Peter  Koch, 

Custod  ian .  Auditors , 


REPORT  OF  THE  DIRECTOR. 


The  past  year  has  been  one  of  the  most  successful  in  the 
history  of  the  Experiment  Station.  The  various  lines  of  work 
that  were  begun  in  the  past  have  not  only  been  maintained  and 
their  scope  and  usefulness  extended,  but  new  investigations  have 
been  undertaken.  Each  member  of  the  Station  Staff  has  striven 
to  promote  the  particular  industry  which  he  represents,  but  at  the 
same  time  there  has  been  a  disposition  on  the  part  of  all  to  wprk 
harmoniously  together  for  the  two-fold  purpose  of  benefitting  the 
Montana  farmer  and  building  up  a  great  exi^eriment  station.  The 
prevailing  sentiment  among  the  Station  workers  is  one  of  con- 
fidence in  the  present,  and  taith  in  the  future.  It  is  felt  that  this 
Experiment  Station  will  soon  occupy  its  rightful  place  at  the  head 
of  the  Agricultural  College  and  lead  the  State  in  all  those  varied 
and  important  industries  which  are  usually'  grouped  under  the 
term  of  agriculture. 


AQRICULTURE  IN  MONTANA. 


It  is  a  great  privilege  to  assist  in  laying  the  foundation  of 
what  is  destined  to  become  the  chief  source  of  wealth  to  many 
millions  of  human  beings.  This  State  has  been  one  of  the  last  to 
develop  its  agricultural  resources,  but  having  now  made  a  good 
start  in  this  direction  we  believe  that  few  states  in  the  Union  will 
be  able  to  keep  pace  with  it.  There  are  good  reasons  for  such 
belief.     The  State  is  well  watered.     Under  arid  conditions  the 
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■water  supplj'  is  of  first  importance.  Such  streams  as  the  Yellow- 
stone, Madison,  Jefferson  and  Missoula,  the  combined  summer 
iiow  of  which  would  irrigate  one  and  a  half  million  acres,  are  for 
the  most  part  unutilized.  The  native  grasses  cannot  be  excelled. 
When  these  fail  it  needs  but  the  thrifty  farmer  and  the  irrigation 
stream  to  convert  the  native  meadows  into  productive  alfalfa 
fields.  With  extensive  pasture  lands  on  the  mountain  slope  and 
alfalfa  stacks  dotting  the  valleys,  the  stockmen  should  lead  every 
state  in  the  Union.  Montana  is  also  admirably  adapted  to 
diversified  farming.  The  large  yields  of  vegetables  and  fruits, 
grains  and  fodders  that  have  been  harvested  for  the  past  few  years 
on  the  Station  farm  prove  this  fact.  It  will  also  become  in  time 
we  believe,  one  of  the  leading  dairy  states.  Wisconsin  has  made 
wonderful  progress  in  the  creamer^'  industr3\  Last  year  the  value 
of  this  product  amounted  to  22  million  dollars.  Yet,  judged 
impartially,  Montana  is  capable  of  surpassing  Wisconsin  in  the 
production  of  butter  and  cheese. 


THE  WORK  OF  THE  STATION. 


Having  faith  in  the  agricultural  possibilities  of  Montana  the 
Station  officers  are  endeavoring  to  so  plan  and  perform  their 
work  as  to  accomplish  the  most  lasting  benefits  to  the  people  of 
this  State.  A  skilled  mechanic  must  have  tools  and  appliances 
before  he  can  perform  his  allotted  task.  In  like  manner  the 
Station  scientist  needs  equipment.  Several  years  have  been  spent 
in  securing  apparatus,  fitting  up  laboratories,  making  collections 
and  training  assistants.  This  preliminary'  work  is  not  yet  com- 
pleted, but  enough  has  been  done  to  enable  the  several  depart- 
ments to  do  good  work  along  certain  lines. 

The  chemical  department  is  one  of  the  best  equipped  and  the 
excellent  results  which  it  has  accomplished  have  fully  justified  the 
expenditure.  Most  of  the  knowledge  that  we  now  possess  of  the 
injurious  ingredients  in  Montana  soils,  the  analysis  of  potable 
waters,  the  adulteration  of  foods  and  the  excellent  quality  of  the 
Montana  sugar  beet  has  been  derived  from  the  Station  chemist. 


8  MONTANA   EXPERIMENT  STATION. 


Through  the  untiring  eflForts  ot  the  agriculturist  the  Station 
farm  has  been  transformed  from  a  weed  producing  tract  to  a 
model  farm,  and  his  feeding  experiments  with  domestic  animals 
have  attracted  the  attention  of  all  Western  stockmen. 

The  head  of  the  botanical  department  has  spent  years  of 
arduous  toil  in  collecting  specimens  for  its  herbarium.  He  has 
now  over  10,000  speciinens  of  neatly  mounted  plants,  forming 
one  of  the  best  collections  in  the  West.  During  the  past  year 
considerable  time  has  been  given  to  injurious  weeds  and  plants 
poisonous  to  stock. 

The  department  of  entomology  was  only  recently  established 
and  in  consequence  much  was  required  to  be  done  in  fitting  up  a 
laboratory,  indexing  the  literature  pertaining  to  the  subject  and 
making  a  collection  of  the  insects  injurious  to  the  farmer  and 
horticulturist. 

The  horticultural  department  is  continuing  to  advance  the 
interests  of  that  important  industry-.  Varieties  of  all  kinds  are 
being  tested  and  those  that  prove  the  best  are  distributed  in  small 
lots  at  low  figures  among  the  home-builders  of  the  State. 

The  poultry  buildings  and  yards  are  now  fairly  w^ell  equipped 
and  although  a  comparativeh'  small  amount  of  money  has  been 
expended  on  this  industry',  the  character  of  the  results  has  been 
excellent. 

Through  the  liberality  of  the  last  State  legislature  an  appro- 
priation of  $2,500  w^s  made  to  erect  and  equip  a  dairy.  It  is 
earnestly  believed  that  the  State  will  receive  in  the  years  to  come 
one  hundred  fold  from  this  investment. 

In  recognition  of  the  fact  that  the  Experiment  Station  is  the 
onlj'  irrigation  bureau  in  Montana  the  last  legislative  assembly 
voted  the  sum  of  $2,000  to  be  expended  in  collecting  data  on 
irrigation.  If  one  may  judge  from  the  nature  of  the  correspond- 
ence which  reaches  this  office,  the  irrigation  investigations  con- 
ducted by  the  Station  have  been  highly  valued  by  the  irrigators  of 
Montana. 
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CHANGE  IN  STATION  POLICY. 


The  most  important  change  in  the  policy  of  the  Station  has^ 
been  made  in  the  interests  of  the  stockmen  of  the  State.  The 
feeding  experiments  with  both  sheep  and  cattle  were  carried  on 
last  winter  in  car  load  lots  and  sold  in  the  principal  markets.  By 
this  means  a  larger  number  of  individuals  were  included  in  each 
test,  the  shrinkage  in  shipping  as  well  as  the  actual  expenses,, 
selling  prices  and  profits  were  determined. 

The  live  stock  owned  by  the  Station  has,  also  been  greath^ 
improved.  The  scrub*  swine  have  been  sold  and  replaced  b3^ 
thoroughbreds,  the  poorest  cows  have  been  exchanged  for  high 
grades  and  a  sum  of  money  set  aside  from  both  the  College  and 
Station  funds  for  the  purchase  of  thoroughbred  Shorthorns  and 
Herefords,  as  well  as  Rambouillet,  Lincoln  and  Shropshire  sheep. 

The  field  of  investigations  has  also  been  broadened.  For  a 
number  of  years  nearly  all  the  experiments  were  conducted  either 
on  the  Station  farm  or  in  the  immediate  neighborhood.  Farmers 
in  other  parts  of  the  State  formed  the  opinion  that  the  Montana 
Experiment  Station  was  established  for  the  sole  benefit  of  Gallatin 
county  and  not  for  the  entire  State.  At  the  present  writing  there 
are  over  sixty  farmers  in  different  sections  of  Montana  co-operat- 
ing with  this  Station  in  the  raising  of  grains,  vegetables,  legumes 
and  grasses.  The  work  of  the  chemist,  agriculturist,  botanist, 
entomologist  and  irrigation  engineer  have  also  been  extended  and 
include,  as  far  as  means  and  opportunity  will  permit,  the  entire 
State. 

Greater  freedom  of  action  has  been  accorded  the  Station 
oflScers  in  performing  the  work  alloted  to  each  but  with  this 
privilege  has  been  given  greater  responsibility.  The  harmony  and 
good  feeling  that  have  prevailed  as  well  as  the  excellent  character 
of  the  work  performed  seem  to  have  shown  the  wisdom  of  this 
change. 
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STATION  STAFF. 


With  one  exception  there  have  been  no  important  changes  in 
the  personnel  of  the  Station  staff*  daring  the  year.  Mr.  S.  M. 
Emery,  who  occupied  the  position  of  director  and  horticulturist 
for  a  number  of  years,  resigned  June  30,- 1900,  and  the  writer  was 
appointed  to  succeed  him.  My  term  of  office,  as  director,  began, 
therefore,  with  the  fiscal  year  just  closed.  In  addition  to  m3'' 
duties  as  director  I  was  also  placed  in  charge  of  the  civil  engineer- 
ing course  of  the  College  and  the  irrigation  department  of  the 
Station.  Under  such  circumstances  it  was  deemed  advisable  to 
group  the  work  of  the  Station  into  several  departments  and  place 
a  competent  Station  officer  at  the  head  of  each.  In  this  way  the 
head  of  each  department  could  be  held  directly  responsible  not 
only  for  the  character  of  the  investigations  conducted  under  his 
supervision,  but  also  for  the  extent  and  quality  of  the  contribu- 
tions and  publications. 

Dr.  F.  W.  Traphagen  retained  his  position  as  Station  chemist 
and  supervised  all  sugar  beet  investigations  within  the  State  as 
well  as  the  investigations  pertaining  to  the  adulteration  of  foods 
which  were  made  in  co-operation  with  the  Bureau  of  Agriculture, 
Labor  and  Industry  of  Montana. 

Prof.  R.  S.  Shaw  was  placed  in  charge  of  the  Station  farm  and 
.given  the  care  and  management  of  all  live  stock.  His  most 
important  duties  were  to  conduct  experiments  in  grain  raising, 
forage  crops  and  stock  feeding. 

Dr.  J.  W.  Blankinship  continued  to  act  in  the  capacity  of 
Station  botanist  and  in  addition  to  the  labor  involved  in  collect- 
ing specimens    of  the  economic  plants,  investigated  the  plants 

poisonous  to  stock  and  the  injurious  weeds  of  the  state. 

Prof.  R.  A.  Cooley  succeeded  himself  as  entomologist  of  the 
Experiment  Station  and  inspector-at-large  to  the  State  Horti- 
cultural Board. 

The  horticultural  department  was  placed  in  direct  charge  of 
Mr.  Charles  Wilson,  who  was  to  act  under  the  supervision  of  the 
agriculturist  and  the  director. 

Mr.  H.  C*  Gardiner  was  continued  in  charge  of  the  sub- 
department  of  poultry. 

All  irrigation  investigations  and  water  supph^  measurements 
were  placed  under  the  supervision  of  the  director. 


i 
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STATION  COUNCIL. 


The  members  of  the  Station  staflF  have  held  meetings  once  a 
month  for  the  purpose  of  considering  matters  pertaining  to  the 
^welfare  of  the  Station.  The  candid  expression  of  opinions  at 
these  meetings  on  all  topics  of  vital  interest  has  greatly  aided  the 
director  and  executive  board  to  adopt  wise  measures  in  regard  to 
plans  for  future  work  and  the  expenditure  of  Station  funds. 


NEEDS  OF  THE  STATION. 


I  desire  to  call  the  attention  of  the  members  of  the  governing 
boards  to  the  urgent  needs  of  the  Experiment  Station.    , 

In  the  first  place  it  has  no  barns,  granary  or  outbuildings 
worthy  of  the  name.  In  this  respect  we  rank  below  every  other 
station  in  the  Union.  All  our  feeding  experiments  have  had  to 
be  done  under  the  most  laborious  and  primitive  methods.  .  Our 
agriculturist  has  done  splendid  work  in  raising  hundreds  of 
varieties  of  grains.  These  have  to  be  stored  in  log  buildings  and 
the  mice  cause  endless  trouble  in  mixing  the  varieties. 

For  the  past  two  years  the  water  supply  for  irrigation  has 
been  deficient.  During  the  past  season  the  flow  was  frequently 
less  than  40  miner's  inches  for  160  acres  of  land.  An  additional 
supply  of  at  least  25  miner's  inches  is  required.  More  water  is 
needed  for  experimental  purposes  than  for  ordinary  farming. 

It  would  also  add  greatly  to  the  appearance  and  utility  of  the 
Station  farm  if  a  tract  of  land  of  about  10  acres,  now  unoccupied 
and  for  sale,  located  at  the  northeast  corner  of  the  farm  could  be 
purchased.  In  feeding  sheep  and  cattle  in  car  load  lots  it  is 
difficult,  to  raise  enough  feed  on  our  limited  area  and  likewise 
provide  experimental  tracts  for  the  several  departments  as  w^ell  as 
pasturage  for  live  stock. 

The  present  Station  building  is  over  crowded  and  provision 
must  soon  be  made  for  additional  class-rooms  for  farmers'  boys 
who  attend  during  the  winter  months.  More  space  for  labora- 
tories and  offices  is  also  needed.    The  heating  plant  is  now  in  the 
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basement  of  the  main  building  with  no  facilities  for  extinguishing 
fires.    There  should  be  a  separate  heating  building. 

The  Experiment  Station  should  have  a  skilled  veterinarian, 
thoroughl3^  competent  to  undertake  the  bacterological  investiga- 
tions of  animal  diseases.  The  stockmen  of  the  State  and  the  State 
veterinary  surgeon  desire  it.  Dr.  M.  E.,  Knowles  has  rendered 
valuable  services  to  the  State  in  man^-  ways,  but  particularly  in 
preventing  the  spread  of  animal  diseases.  The  territory'-  is  so  vast 
and  the  number  of  domestic  animals  so  great  that  his  time  is  fully 
occupied  in  police  duties  and  the  identification  of  diseases.  It  is  of 
the  utmost  importance  to  the  stock  interests  of  Montana  that 
this  Station  supplement  the  valuable  work  now  done  by  the  State 
veterinarian. 


PUBLICATIONS. 


The  following  bulletins  have  been  published  during  the  year. 
Of  these,  numbers  25,  26  and  27  belong  to  the  previous  year. 
No.  25.    Paris  Green  and  London  Purple  in  Montana,  bj'  F.  W. 

Traphagen. 
No.  26.  ,  Poultry  Raising,  b\^  H.  C.  Gardiner. 
No.  27.    Live  Stock  Feeding  Tests,  by  R.  S.  Shaw. 
No.  28.    Seventh  Annual  Report. 

No.  29.    The  Quantity  of  Water  Used  in  Irrigation,  by  S.  Fortier. 
No.  30.    Weeds  of  Montana,  by  J.  W.  Blankinship. 
No.  31.    Grazing  and  Feeding  Tests,  bj^  R.  S.  Shaw. 


FARHERS'  INSTITUTES. 


Through  the  efforts  of  the  friends  of  agriculture  a  bill  provid- 
ing for  the  holding  of  Farmers'  Institutes  was  passed  by  the  last 
legislative  assembly  and  received  the  approval  of  the  Governor 
March  14,  1901.  The  Board  of  Administration  consists  of  the 
Governor  of  the  State,  the  presidents  of  the  Montana  Wool- 
Growers'   Association,  the  Montana  Live  Stock  Association  and 
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the  Montana  Horticultural  Society  and  the  director  of  the 
Montana  Experiment  Station.  Provision  is  also  made  to  add  the 
presidents  of  the  dairy  and  agricultural  associations  to  the  board 
when  these  latter  associations  are  organized.  The  Administrative 
Board  is  required  to  meet  in'  November  of  each  year  to  make  the 
necessary'  arrangements  to  hold  institutes  during  the  winter 
months  and  also  in  March  to  arrange  for  the  publication  of  the 
proceedings  in  a  Farmers*  Institute  Annual. 

The  annual  appropriation  is  $2,000,  but  since  a  large  portion 
of  this  sum  will  be  expended  in  reporting  and  publishing  the  pro- 
ceedings the  balance  will  scarcely  be  sufficient  to  pay  for  traveling 
and  incidental  expenses. 

The  members  of  the  Administrative  board  met  in  Helena  June 
10,  1901,  and  organized  by  electing  A.  L.  Stone,  of  Missoula, 
president  and  S.  Fortier,  of  Bozeman,  secretary.  On  account  of 
the  lack  of  funds  it  was  decided  not  to  appoint  for  the  present  a 
superintendent  of  Farmers*  Institutes  and  the  secretary  was  given 
authority  to  arrange  the  dates  and  places  of  meeting  as  well  as  to 
secure  voluntary  speakers  for  each  county  institute. 


CORRESPONDENCE. 


The  correspondence  of  the  Station  is  increasing  rapidly.  This 
may  be  regarded  as  a  true  index  of  the  interest  that  is  being  taken 
in  experiment  station  work  in  Montana.  During  the  year  over 
2,500  letters  have  been  received  and  answered.  A  large  number 
of  these  came  from  the  rural  districts  of  the  State.  Many 
of  the  letters  received  from  farmers  and  stock  men  required  con- 
siderable time  to  answer  for  the  reason  that  there  were  no  Station 
circulars  or  bulletins  which  contained  the  desired  information.  As 
the  number  of  the  Station  publications  increase  a  greater  variety 
of  topics  will  be  discussed  and  we  hope  to  have  in  the  near  future 
more  information  to  send  to  our  correspondents. 

Meanwhile  we  beg  to  assure  all  those  who  are  interested  in 
agricultural  pursuits  that  we  will  cheerfully  do  what  we  can  to 
reply  to  their  enquiries  and  we  hope  that  the  farmers  of  the  State 
will  avail  themselves  of  this  opportunity  of  obtaining  such 
information  as  this  Station  can  give. 
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EXCHANGES. 


Agricultural  Experiments,  Minneapolis,  Minn. 

Agricultural  Epitomist,  Spencer,  Ind. 

American  Fancier,  Johnston,  N.  Y. 

Avant  Courier,  Bozeman,  Mont. 

Baltimore  Sun,  Baltimore,  Md. 

Belt  Valley  Times,  Belt,  Mont. 

Big  Timber  Pioneer,  Big  Timber,  Mont. 

Beet  Sugar  Gazette,  Chicago,  111. 

Billings  Times,  Billings,  Mont. 

Bozeman  Chronicle,  Bozeman,  Mont. 

Butcher's  Advocate,  Chicago,  111. 

Carbon  County  Chronicle,  Red  Lodge,  Mont. 

Chicago  Drover's  Journal,  Union  Stock  Yards,  Chicago,  111. 

Commercial  Poultry  Journal,  Draper  Pub.  Co.,  Chicago  111. 

Dairy  and  Cream,  315  Dearborn  St.,  Chicago,  111. 

Dillon  Tribune,  Dillon,  Mont. 

Elgin  Dairy  Report,  Elgin,  111. 

Farmers'  Guide,  Huntington,  Ind. 

Farm  Home,  Springfield,  111. 

Farm  Journal,  Philadelphia,  Pa, 

Farmers'  Institute,  Chicago,  111. 

Farm  News,  Springfield,  Ohio. 

Farmers'  Review,  Chicago,  111. 

Farm  Poultry,  Boston,  Mass. 

Farm  Stock  and  Fireside,  Sioux  City,  la. 

Farm  Stock  and  Home,  Minneapolis,  Minn. 

Feather,  Washington,  D.  C. 

Florist's  Review,  Chicago,  111. 

Gallatin  County  Republican,  Bozeman,  Mont. 

Glendive  Independent,  Glendive,  Mont. 

Garden  and  Farm,  Chicago,  111. 

Home  and  Farm,  Springfield,  Mass. 

Home  and  Garden,  St.  Paul,  Minn. 

Horticultural  Visitor,  Kinmundy,  111. 

Holstein  Register,  Brattleboro,  Vt. 

Independent,  Helena,  Mont. 

Inter-Mountain,  Butte,  Mont 

Industrialist,  Manhattan,  Kan. 

Inter  Lake,  Kalispell,  Mont. 

Inland  Poultry  Journal,  Indianapolis,  Ind. 

Irrigation  Age,  916  W.  Harrison  St.,  Chicago,  111. 

Jersey  Bulletin,  Indianapolis,  Ind. 

Livingston  Post,  Livingston,  Mont. 
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Madisonian,  Virginia  City,  Mont. 

Milwaukee  Journal,  Milwaukee,  Wis. 

Mining  World,  Butte,  Mpnt. 

Montana  Fruit  Grower,  Missoula,  Mont. 

Modem  Parmer,  St.  Joseph,  Mo. 

National  Stockman  and  Farmer,  Chicago,  111. 

Northwestern  Poultry  and  Pets,  Spokane,  Wiish. 

Ohio  Farmer,  Cleveland,  Ohio. 

Opportunity,  St.  Paul,  Minn. 

Orange  Judd  Farmer,  Marquette  Building,  Chicago,  111. 

Park  and  Cemetery  and  Landscape  Gardening,  Chicago,  111. 

Progressive  Farmer,  New  Port,  Va. 

Plainsman,  Plains,  Mont. 

Poultry  Culture,  Katisas  City,  Mo. 

Poultry  News,  Lin(ioln,  Neb. 

Poultry  Herald,  St.  Paul,  Minn. 

Poultry  Journal,  Spokane,  Wash. 

Pacific  Poultrymen,  Tacoma,  Wash. 

Rural  Spirit,  Portland,  Ore. 

Rural  New  Yorker,  New  York,  N.  Y. 

Rural  North  West,  Portland,  Ore. 

Reliable  Poultry  Journal,  Quincy,  111. 

Stock  Growers'  Journal,  Miles  City,  Mont. 

Strawberry  Specialist,  Kittrell,  N.  C. 

Stockman  and  Farmer,  Helena,  Mont. 

Southern  Farm  Magazine,  Baltimore.  Md. 

Tribune,  Stevensville,  Mont. 

The  Weekly  Chronicle,  San  Francisco,  Calif. 

The  Sentinel,  Boulder,  Mont. 

The  World,  Vancouver,  B.  C. 

Tribune-Review,  Butte,  Mont. 

Tribune,  Great  Falls,  Mont. 

Up-to-Date,  Indianapolis,  Ind. 

Western  News,  Hamilton,  Mont. 

Wallace  Farmer,  Des  Moines,  la. 

Wisconsin  Agriculturist,  Racine,  Wis. 

Western  Fruit  Grower,  St.  Joseph,  Mo. 

West  Virginia  Farm  Review,  Charleston,  W^.  Va. 

Western  Home  Journal  and  Inter-Mountain,  Spokane,  Wash. 

S.  FORTIER, 

Director. 
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AGRICULTURAL  DEPARTMENT. 


R.  S.  Shaw,  Agricuiturist. 

Throughout  this  year  the  work  of  introducing  and  testing 
varieties  of  grains,  grasses,  forage  and  fodder  plants  and  potatoes 
has  been  continued.  The  fourth  season's  work  in  the  six  year  crop 
rotation  has  also  been  successfully  completed.  Much  attention 
has  also  been  given  to  culture  methods  relating  to  their  effects  on 
weed  destruction  and  the  maintenance  of  fertility.  Some  time  and 
money  have  also  been  given  to  permanent  improvement  work  and 
land  reclamation.  The  greater  portion  of  my  time  has  been  spent 
in  the  direct  supervision  of  the  farm  labor,  even  to  the  routine 
work. 


VARIETY  TESTING  OF  GRAINS. 


Wheats. — Forty-three  varieties  were  grown  imder  irrigation. 
These  consisted  of  a  few  new  introductions,  the  balance  of  which 
had  been  grown  from  one  to  several  years.  The  number  w^s 
greatly  decreased  this  year,  some  twenty-five  or  more  worthless 
varieties  having  been  discarded.  The  average  yield  from  these 
fortj'^-three  varieties  was  52.6  bushels  per  acre,  and  as  the  result 
of  this  season's  work  in  conjunction  with  the  data  secured  from 
previous  years  five  selections  were  made  on  the  basis  of  quantity 
and  quality  of  product.  These  varieties  are:  Kubanka,  Red  Fife, 
Russian  2955,  Wild  Goose,  Wellmans  Fife  and  McKissocks  Fife. 
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Oats. — These  included  thirty-three  varieties  chosen  and  handled 
in  the  same  way  as  the  wheats.  The  average  yield  was  87.9' 
bushels  per  acre.  Four  selections  were  made,  viz. :  Poland  White,. 
American  White,  White  Wonder  and  Nameless  Beauty.  Tw^o 
varieties  chosen  the  previous  year  were  increased  this  season  to  be 
put  in  the  hands  of  farmers  in  various  portions  of  the  State,  these 
were  the  Nameless  Beauty  and  White  Russian.  From  1.48  acres 
the  former  yielded  129.7  bushels,  or  87.3  bushels  per  acre,  while 
the  latter  yielded  215.8  bushels  from  1.96  acres,  or  110  bushels 
per  acre.  After  cleaning  and  grading,  the  W'hite  Russian  oats 
weighed  44  pounds  per  measured  bushel.  Of  these  tw^o  oats,  lots 
not  exceeding  five  bushels  were  sent  out  to  fifty  farmers  in  different 
parts  of  the  State.  These  were  cleaned  and  graded  and  sold  at 
the  rate  of  $1.25  per  cwt.  in  response  to  inquiries  for  seed.  In 
addition  to  this  smaller  trial  lots,  consisting  of  a  few  pounds^ 
were  distributed  for  trial  in  other  locations.  From  this  work 
we  expect  to  secure  returns  which  will  tell  us  to  what  extent 
these  varieties  have  been  successful  and  also  where  the  seed  is 
located. 

Barley, — Twenty-four  varieties  w^ere  grown  in  the  same 
manner  as  the  two  preceding  grains,  giving  an  average  yield  of 
48.9  bushels  per  acre.  Seven  varieties  of  the  brewing  kind, 
imported  from  Germany,  were  selected  this  year.  Three  kinds  of 
hulless  barley,  viz. :  Black,  White  and  Smooth,  selected  and 
increased  from  previous  years,  were  disposed  of  to  farmers  in 
several  sections  of  the  State  to  be  grown  for  feeding  purposes. 

Peas. — From  some  ten  or  a  dozen  varieties  tested,  all  have  been 
discarded  except  two,  viz. :  Mummy  and  Canadian  Golden  Vine. 
Of  these  two,  the  former  is  a  crown  pea,  an  early  maturing  sort, 
characterized  by  a  short,  strong  straw-,  producing  large  grain 
which  all  ripens  at  once.  The  Canadian  Golden  Vine  is  an 
indeterminate  grower  producing  a  much  longer,  more  slender  and 
yet  heavier  yield  of  straw  per  acre.  These  are  a  later  kind.  We 
recommend  them  where  a  large  quantity  of  fodder  is  desired  which 
can  be  controlled  by  the  water  suppl3\  This  pea  will  ripen  up  and 
produce  an  abundance  of  grain  unless  grown  on  moist  ground  or 
watered  too  freely.  There  has  been  a  greater  demand  for  the  seed 
of  these  two  peas  than  could  be  supplied. 
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Ry^» — Some  attention  has  been  given  to  varieties  of  spring  rye 
with  the  result  that  one  has  been  chosen  which  yields  30.6  bushels 
per  acre  and  produces  a  large  yield  of  straw  of  a  fine  leafy 
character. 


GRASSES  AND  FORAGE  PLANTS. 


Twenty -six  grasses  have  been  grown,  both  with  and  without 
irrigation.  Though  this  work  is  incomplete,  and  should  extend 
throughout  a  number  of  years,  some  results  are  being  secured  as 
the  work  progresses.  Of  the  total  number,  Brome  Grass  has 
proved  to  be  the  most  drouth  resistant ;  it  is  the  first  to  start  in 
the  spring  and  the  last  to  remain  green  during  the  season  of 
drouth,  quickly  recuperating  again  in  the  autumn.  It  has  pro- 
duced one  and  one  half  tons  of  hay  per  acre  where  timothy,  under 
similar  conditions  with  scant  soil  moisture  supply,  only  produced 
one  half  ton  to  the  acre.  Many  failures  to  start  Brome  Grass 
have  been  due  to  the  use  of  poor  seed.  When  the  germinating 
power  of  the  seed  is  not  known  it  is  very  difficult  to  get  the  right 
kind  of  a  stand.  If  the  grass  comes  up  too  thickly,  matting  soon 
results,  and  the  growth  becomes  fine  and  spindly.  Second  in 
importance,  as  a  drouth  resister,  followed  a  native  rye  grass,  but 
while  it  possesses  these  good  qualities  they  are  partly  offset  by  a 
growth  somewhat  too  stemy  devoid  of  leaves.  The  English  and 
Italian  rye  grasses  were  found  to  be  vigorous  growers  without 
irrigation,  but  failed  to  withstand  the  severity  of  the  winter.  The 
tenacity  of  life  shown  by  Blue  Grass  under  these  dry  conditions 
was  surprising;  it  makes  a  remarkable  growth  early  in  the  season, 
then  dries  up  and  makes  a  fine  nutritious  growth  in  the  autumn. 

Among  the  information  of  practical  importance  secured  in  this 
work  was  the  discovery  that  the  Montana  grown  grass  seeds  all 
possess  a  remarkablj^  W^l^  germinating  power,  and  we  believe 
that  the  production  of  grass  seeds  can  be  made  both  practical  and 
profitable. 

Of  the  forage  crops  Dwarf  Essex  rape  made  a  remarkably 
strong  growth  with  one  irrigating.     It  was,  however,  subject  to 
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attacks  from  the  green  aphis  which  almost  totally  ruined  the 
rutabaga  crop  during  this  same  season. 

Root  Crops, — Of  these,  mangolds,  sugar  beets,  carrots  and 
rutabagas  were  grown  for  feeding  purposes.  The  mangolds  gave 
the  largest  yield  per  acre  with  carrots  second  and  sugar  beets 
third.  The  rutabagas  were  almost  totally  destro3'^ed  by  the  green 
aphis.  These  roots  were  all  used  for  feeding  purposes  on  the  farm. 
The  carrots  proved  to  be  an  excellent  food  for  horses  feeding  on 
straw.  The  mangolds  were  used  for  chicken  and  hog  feed  and  the 
sugar  beets  were  used  exclusively  by  the  hogs.  Too  much  cannot 
be  said  in  favor  of  the  use  of  sugar  beets  for  pigs  which  are  being 
wintered  over.  They  can  be  fed  whole  and  raw  and  require  little 
grain  along  with  them  to  keep  the  pigs  in  a  thrifty  growing 
condition.  From  twelve  to  fifteen  tons  of  sugar  beets  can  be 
produced  from  one  acre  of  land  at  a  cost  not  exceeding  $25.00,  if 
properly  handled. 

Potatoes. — In  all  fifty-two  varieties  were  tested.  In  making 
selections  of  the  best,  most  attention  was  given  to  those  produc- 
ing the  largest  percentage  of  marketable  potatoes  which  was 
determined  after  culling  out  the  small  and  large  rough  ones.  It 
frequently  happens  that  the  sorts  producing  the  greatest  total 
yield  per  acre  do  not  give  the  highest  percentage  of  a  marketable 
product.    The  following  selections  were  made,  viz. : 

Early  Varieties — Six  Weeks  Market,  Acme,  Early  Ohio,  Early 
Oxford  and  Early  Vaughan. 

Medium  Varieties.— Rursil  New  Yorker  No.  2,  Lees  Favorite, 
Snow  Drop,  American  Wonder  and  Oregon  Pearl. 

Late  Varieties.— 'White  Maine. 
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ROTATION  TESTS, 


During  this  season  the  fourth  trial  of  the  six  year  rotation 
experiment  was  made,  with  the  following  result : 

YIELDS  OF  ROTATION  ACRES  FOR  1900. 

Acre  of  Wheat,  grain 38.3  bu. 

**  **        ''        straw.... 3,000  fts- 

'*  ''  Clover,  hay 3,170  lbs. 

**  **  Barley,  grain 87.2  bu. 

'*  **        ''        straw 3,980  lbs. 

*'  **  Sugar  Beets 16,310  lbs. 

**  **   Oats,  grain 75.5  bu. 

**  ''      **      straw 2,345  lbs. 

**  "  Peas,  grain 37  bu. 

/*  '*      **      straw '. 

With  the  exception  of  the  sugar  beets  this  record  shows  a 
steady  increase  in  the  productiveness  of  these  six  acres  during  the 
past  four  years.  This  season  the  sugar  beet  plants  were  badlj' 
damaged  soon  after  coming  through  the  ground  as  the  result  of 
the  ravages  of  a  flea  beetle.  Some  fluctuations  occur,  due  to 
climatic  conditions,  but  in  general  the  yields  are  satisfactory. 
While  this  is  the  case,  however,  the  rotation  is  too  wide  for 
practicability. 


CO-OPERATION  WITH  FARMERS  OF  THE  STATE. 


Because  of  the  great  diversity  of  conditions,  it  was  found 
necessary  to  adopt  some  means  by  which  the  work  of  the  Station 
could  be  supplemented  in  as  many  other  portions  of  the  State  as 
possible.  In  order  to  accomplish  this,  small  quantities  of  grains, 
potatoes  etc.  were  placed  in  the  hands  of  private  individuals  for 
trial.  The  only  conditions  required  were  that  accurate  reports 
would  be  furnished.  No  less  than  sevent}^  co-operators  were 
secured.  While  results  have  not  as  yet  been  obtained  from  this 
work  we  feel  that  it  will  be  of  great  benefit  to  the  farmer  directly 
and  will  bring  much  valuable  information  back  to  the  Station 
w^hich  may  be  used  in  a  practical  way. 
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LIVE  STOCK  BREEDING  AND  FEEDING. 


Importations  of  Berkshires  and  Poland  Chinas  were  made 
during  the  year  and  both  herds  established  with  first-class  stock 
to  breed  from.  In  all  eighteen  sales  of  breeding  hogs  were  made 
as  follows:  In  Gallatin  county  12,  Lewis  and  Clarke  2  and  one 
each  in  Madison,  Cascade,  Missoula  and  Park. 

In  addition  to  these,  two  sales  of  breeding  bucks  were  also 
made. 

GRAZING  AND  FEEDING. 


Grazing  Tr/a/s.— In  June  of  1900,  5.04  acres  was  fenced  off  in 
two  equal  parts  from  an  alsike  field  which  had  been  seeded  in 
1897.  The  soil  consisted  of  a  deep,  rich  humus,  somewhat  loamy 
with  a  gravelly  sub-soil.  The  two  lots  were  irrigated  alternatelj' 
every  two  weeks  from  June  13th  to  August  18th  and  pastured  in 
the  same  way.  ,  Twelve  yearling  Shorthorn  and  Hereford  steers 
were  chosen  for  the  experiment.  They  were  turned  on  the  clover 
June  9th,  remaining  until  October  1st.  It  was  thought  at  first 
that  the  steers  would  be  sufficient  to  consume  the  clover,  but  on 
June  18th  it  w^as  necessary  to  add  to  their  number  to  prevent 
waste.  Consequently  seven  Jersey  grade  heifers  belonging  to  the 
Station  were  turned  in  upon  the  clover  also.  During  the  experi- 
ment one  steer  died  from  bloat  and  all  were  removed  for  a  few 
days  while  the  pastures  were  wet. 

On  June  9th  the  twelve  steers  w^hich  were  thin  from  wintering 
on  the  range  averaged  545  pounds  per  head,  on  October  1st  the 
eleven  remaining  averaged  783  pounds,  making  an  increase  of 
3,278  pounds  which  with  the  gain  of  176  pounds  made  by  the 
steer  before  death  gave  a  total  increase  of  3,454  pounds.  The 
Jersey  grade  heifers,  which  were  one  and  two  years  old,  weighed 
4,575  pounds  on  June  18th  and  5,681  pounds  on  October  1st, 
making  a  total  gain  of  1,106  pounds.  The  relative  gains  were, 
therefore,  for  the  steers  2.75  pounds  per  head  per  day,  and  for  the 
heifers  1.69  pounds  during  the  same  time  and  under  the  same  con- 
ditions. 
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This  tract  of  5.04  acres  provided  food  for  maintenance  and  the 
gains  given,  for  eleven  steers  during  the  equivalent  of  108  days, 
and  also  for  the  seven  heifers  93  days,  after  taking  into  considera- 
tion the  loss  of  the  twelfth  steer  and  the  few  davs  the  cattle  were 
removed  from  the  pastures. 

A  sum  total  of  4,560  pounds  animal  increase  was  secured  from 
the  5.04  acres  of  alsike  clover,  which  amount  valued  at  four  cents 
per  pound,  gives  a  cash  value  of  $182.40,  or  $36.19  per  acre. 


FEEDING  STEERS  FOR  MARKET. 


■ »  . 


^-i: 


I 

Thirty-one  steers  were  fed  for  shipment,  consisting  of  the 
eleven  steers  used  in  the  grazing  test  and  twenty  additional 
yearlings  secured  from  the  range.  The  feeding  began  November 
13th,  1900,  when  the  steers  were  divided  into  three  lots  according 
to  quality.    Those  from  the  clover  were  fed  separately. 

The  food  consumed  bv  the  steers  from  November  13th  to 
March  30th  was  as  follows :  Lot  I  (eleven  steers)  37,455  pounds 
clover  and  7,530  pounds  barley  meal.  Lot  II  (ten  steers)  29,335 
pounds  clover  and  7,315  pounds  barley  meal.  Lot  III  (ten  steers) 
29,235  pounds  clover  and  7,308  pounds  barley  meal.  The  aver- 
age daily  consumption  of  food,  per  capita,  during  137  days 
was,  for  Lot  I,  24.8  pounds  clover  and  5  pounds  barley  meal;  lot 
II,  21.4  pounds  clover  and  5.34  pounds  meal ;  lot  III,  21.3  pounds 
clover  and  5.39  pounds  meal. 

The  following  gains  w^ere  made  during  the  137  day  feeding 
period : 


Lot  I,  eleven  steers,  3,015  lbs.  averaging  247.1  tbs.  per  capita 

II,  ten         ''       2,410    ''  "  241 

III,  ''  ''       2,345    ''  ''  234.5    ** 
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The  average  daily  gains  per  capita  for  the  three  lots  through- 
out the  period  were  2,  1.75  and  1.71  pounds  respectively. 

The  large  gains  from  such  light  feeding  are  attributed  to  the 
superior  quality  of  the  food  and  the  extremely  suitable  climatic 
conditions.    The  clover  had  been  cured  beneath  a  cloudless  sky 
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and  the  feeding  period  consisted  of  an  almost  uninterrupted  suc- 
cession of  bright  still  days.    The  steers  were  fed  in  open  3-ards. 

We  have  found  with  legumes  of  such  quality  as  can  be  pro- 
duced in  our  valleys  that  maximum  gains  can  be  secured  from  the 
use  of  a  minimum  amout  of  grain.  Not  more  than  one  half  pound, 
per  day,  per  one  hundred  pounds  of  live  weight  is  required. 

The  foods  were  charged  up  at  $5.00  per  ton  for  clover  and  70 
cents  per  cwt.  for  barley  meal,  resulting  in  a  total  cost  of  $146.34 
for  lot  I,  $124.53  for  lot  II  and  $1^4.71  for  lot  III.  Therefore 
from  the  data  given  we  get  the  following  comparative  costs  per 
one  hundred  pounds  increase,  viz. :  $4.85,  $5.16  and  $5.31,  the 
cost  increasing  as  the  lots  lacked  in  beef  type. 

These  steers  were  shipped  to  Seattle,  where  the  sale  resulted  in 
a  net  profit  of  $122.59  on  the  car  load,  notwithstanding  the 
disadvantage  of  their  age,  weight  and  the  heavy  shrinkage  result- 
ing from  the  five  day  trip. 


SHEEP  FEEDING  EXPERIHENTS. 


Test  No.  /. — Consisted  of  three  lots  of  lambs  of  53  each,  receiv- 
ing the  following  rations :  Pen  (1),  clover  and  grain  ration  of  oats 
and  barley;  pen  (2), clover  and  screenings;  and  pen  (3), clover  only. 
The  relative  amounts  of  food  consumed  per  head  per  day  were: 
Pen  (1),  clover  2.9  pounds,  grain  .56  pounds;  pen  (2),  clover  2.94 
pounds  and  .55  pounds  screenings;  pen  (3),  clover  3.32  pounds. 
The  average  gains  per  head  per  month  throughout  the  90  days 
were:  Pen  (1)  24.96  pounds;  pen  (2)  28.08  pounds  and  pen  (3) 
21.15  pounds.  The  relative  cost  of  production  per  100  pounds 
was,  pen  (1)  $4.34,  pen  (2)  $3.34  and  pen  (3)  $3.53.  We  con- 
cluded, therefore,  that  the  most  profitable  results  were  secured 
from  the  clover  and  screenings  because  the  increase  was  greater 
and  the  cost  of  production  less.  Clover  was  charged  at  $5.00  per 
ton,  oats  and  barley  at  85  cents  per  cwt.  and  screenings  at  55 
cents. 
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CLOVER  AND  GRAIN  HAY  COMPARED. 


Test  No.  //.—The  same  number  of  lambs  was  used  as  in  the 
previous  test  and  under  the  same  conditions.  The  grain  hay  con- 
sisted of  a  mixture  of  oats,  peas,  barle3-  and  spring  wheat  grown 
together  and  cut  early  in  the  milk  stage.  The  test  w^as  conducted 
for  60  days  and  both  foods  charged  up  at  the  price  alreadj^  given 
for  clover. 

During  these  60  days  the  clover  fed  lambs  made  a  gain  of  14- 
pounds  per  head,  while  those  receiving  grain  hay  gained  only 
10.68  pounds.  The  former  also  produced  100  pounds  increase  at 
a  cost  of  $3.63  as  cpmpared  with  $4.60  from  the  grain  ha}^  lot. 
There  was  too  much  waste  from  the  grain  hay  and  we  believe  that 
horses  or  cattle  could  have  used  this  food  to  better  advantage. 


EFFECT  OF  Vy^ATER  SUPPLY  ON  FATTENING  LAMBS. 


Test  No.  ill. — Two  lots  with  food  and  surrounding  coliditions 
alike  were  treated  differently  as  to  water  supply.  One  had 
constant  access  to  water  in  the  vard,  the  other  was  turned  to 
water  but  once  a  dav.  The  lambs  with  constant  access  to  water 
gained  9.36  pounds  each,  per  month;  the  others  gained  but  7.15 
pounds  in  the  same  time.  Those  which  were  permitted  to  take 
water  at  will  produced  100  pounds  gain  at  $3.34  while  those 
with  restricted  suppW  cost  $4.51  for  the  same  amount. 


CORRESPONDENCE. 


The  correspondence  sent  out  by  me  from  m^-  department  for 
the  vear  amounted  to  442  letters.  Manv  of  these  were  answers 
to  inquiries  relating  to  methods  of  cultivation,  seeding,  treating 
seed  grain  and  requests  for  information  relating  to  the  various 
kinds  of  farm  products.  Many  inquiries  were  also  made  in  regard 
to  live  stock  and  methods  of  feeding. 


I 
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PRESS  CONTRIBUTIONS. 


Seventeen  articles  were  contributed  to  the  local  press.  These 
treated  of  subjects  relating  directly  to  the  agriculture  of  Montana 
and  presented  in  greater  part  some  minor  results  of  Station  work 
not  sufficiently  important  to  warrant  special  publications.  Some 
of  the  subjects  presented  were :  Sheep  Feeding  in  Montana,  Stock 
Feeding  Tests  at  the  Experiment  Station,  Formalin  Treatment  for 
Grain  Smuts,  Alfalfa  for  Seed,  Co-operation  Between  the  Montana 
Farmer  and  the  Experiment  Station,  a  series  of  seven  articles  on 
Swine  Feeding,  Utilizingthe  Waste  Products  of  Western  Farms,  etc. 


FORMALIN  TREATMENT  FOR  GRAIN  SMUTS. 


About  one  year  ago  reports  were  sent  out  from  the  Experi- 
ment Station  regarding  the  use  of  formalin  as  a  preventive  of  grain 
smuts.  Since  that  time  another  j^ear^s  experience  has  been  added, 
verifying  the  work  of  the  three  preceding  years. 

As  requests  are  coming  in  daily,  asking  for  instructions  as  to 
the  use  of  formalin,  we  find  it  necessary  to  again  make  our  reports 
far-reaching  through  the  kindness  of  the  press  of  the  State. 

Though  many  different  methods  of  treatment  for  grain  smuts 
have  been  devised  and  tried,  none  have  proven  to  be  more  perfect 
preventatives  than  formalin.  It  is  pre-eminently  a  germ  destroyer 
^nd  its  work  is  perfect.  It  does  not  in  any  way  injure  the  vitalitj^ 
of  the  grain.  It  is  a  comparatively  inexpensive  method  and  is 
easily  applied. 

For  oat,  barley  and  wheat  smuts  a  mixture  of  one  pound  or 
pint  of  formalin  to  forty  gallons  of  water  will  be  effectual.  We 
have  used  one  pound  to  thirty-five  gallons  of  water  without  injur3^ 
One  pound  of  formalin  used  in  the  proportion  given  will  treat  from 
forty  to  fifty  bushels  of  grain. 

Application. — Either  the  dipping  or  sprinkling  method  ma}'  be 
used  with  good  results  and  the  method  chosen  will  depend  upon 
the  facilities  at  hand  for  doing  the  work. 
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Sprinkling  Metiiod»—yiay  be  used  where  floor  space  or  a  num- 
ber of  sheets  are  available.  The  grain  should  be  spread  out  thin 
and  the  moisture  applied  with  a  common  watering  can,  while  the 
grain  is  being  constantly  shoveled  to  insure  a  thorough  applica- 
tion, upon  which  the  effectiveness  depends.  After  a  thorough 
application  has  been  made,  the  grain  should  be  heaped  and 
allowed  to  stand  for  two  hours  before  being  spread  to  dry. 

Dipping  Metitod. — This  is  the  most  sure  as  the  application  is 
likely  to  be  the  most  perfect.  The  sacks  containing  grain  can  be 
immersed  in  a  barrel  or  trough  containing  the  mixture.  The  grain 
should  be  allowed  to  remain  in  the  sacks  at  least  two  hours  before 
being  spread  to  dry.  In  both  cases  the  grain  should  be  dried 
perfectl^'^,  except  when  sown  immediately  after.  In  all  cases  the 
sacks  should  be  treated.  With  wheat  it  is  only  necessary  to  wet 
the  outer  surface  of  the  grain,  but  with  oats  and  barley,  the  appli- 
cation should  be  made  to  penetrate  the  hulls,  where  spores  may 
have  found  lodgment.  This  is  accomplished  by  immersing  for  a 
few  minutes  and  then  allowing  the  grain  to  stand  in  the  sacks  as 
directed,  or  in  a  pile  if  sprinkled. 

Formalin  has  also  been  successfully  used  for  potato  scab  by 
immersing  the  uncut  seed  for  from  one  to  two  hours  in  a  mixture 
of  one  pound  of  formalin  to  thirty  gallons  of  water. 

Formalin  is  also  known  as  formaldehyde  and  formic  aldehyde. 
It  is  a  powerful  germ  destroyer  and  an  extremely  active  substance. 
It  is  sold  in  the  liquid  form  at  about  fifty  cents  per  pound  and  can 
be  secured  in  most  of  the  drug  stores  of  the  State.  We  cannot 
urge  its  use  too  strongly.  Farmers  in  the  vicinity  of  Bozeman, 
who  have  used  formalin,  report  favorably. 


WASTE  PRODUCTS  OF  WESTERN  FARnS  HAY  BECOHE  A  SOURCE  OF 
PROFITABLE  GAIN  THROUGH  THE  USE  OF  LIVE  STOCK. 


After  the  season  of  harvest  is  past,  the  work  of  threshing 
completed  and  the  crops  removed  for  storage  or  shipment,  large 
quantities  of  food  products  still  remain  on  the  western  farm. 
While  the  enormous  crops  of  grain  are  being  secured,   there  is 
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always  some  loss  occuring  during   the   process    of  harvesting, 
handling  and  threshing,  thus  leaving  some  grain  on  the  fields  of 
even  the  most  careful  farmer.     These  losses  are  due  to  the  falling 
of  many  heads  of  grain  from  the  sheaf  in  harvesting  or  subsequent 
handling ;  or,  because  of  their  plumpness  and  weight,  some  break 
loose  from  the  stem  and  are  lost ;  in  other  cases,  again,  innumer- 
able grains  ** shatter  out"  and  fall  to  the  ground  as  the  result  of 
climatic  effects  peculiar  to  the  arid  west.    Thus,  it  follows  that 
much  grain  remains  on  the  stubble  field.     It  is  to  these  we  refer  as 
**  waste  products,*'  and  such  they  are,  unless  recovered  and  con- 
verted into  a  marketable  product.    And  it  is  through   the  use  of 
live  stock  onl^*^  that  they  can  be  turned  to  profitable  account. 

In  addition  to  the  grains  left  among  the  stubble,  the  meadows 
or  clover  fields  provide  a  late  growth,  which  may  be  used  by  some 
kind  of  stock.  Then  there  are  always  some  weeds  and  grasses, 
found  bordering  along  ditches,  fences  and  roads,  which  can  be 
made  use  of. 

On  the  majority  of  western  farms  no  return  is  secured  from 
these  so-called  waste  materials,  except  such  as  is  picked  up  bj^  a 
few  swine  on  an  occasional  ranch.  The  greater  portion  of  this 
material  is,  however,  generally  lost. 

In  securing  lambs,  prior  to  the  time  of  winter  feeding,  the 
Montana  Experiment  Station  was  enabled  to  obtain  data  which 
gives  valuable  information  relating  to  the  relative  capabilities  of 
cattle,  sheep  and  swine,  to  utilize  the  waste  products  of  the  farm 
and  also  the  return  which  could  be  secured  from  it. 

After  the  crop  had  been  secured,  one  hundred  and  twelve  acres 

of  the  Station  farm  became  available  as  a  run  for  stock.    This^ 

area  consisted  of  stubble  from  14  acres  of  oats,  7  acres  wheat,  10 

acres  barley,  12  acres  field  and  garden  peas,  4  acres  plat  grain,  4 

acres  grain  hay  and  4  acres  root  and  potato  ground.    The  balance 

comprised  57  acres  clover  stubble,  5  of  which  had  been  pastured 

closely  throughout  the  season  and  two  cuttings  removed  from  the 

remainder.    The  barley  and  wheat  stubble  grounds  both  possessed 

good  stands  of  clover. 

On  October  4th,  11  yearling  steers,  8  Jersey  heifers,  3  colts 
and  25  pigs  were  given  access  to  the  fields.  And  on  October  15th 
230  lambs  were  added.  This  stock  continued  on  the  fields  until 
November  15th. 
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The  11  yearling  steers  were  put  on  the  fields  at  a  weight  of 
8,613  pounds,  averaging  783  pounds.  They  were  removed  to  the 
feed  j^ards  on  November  15th,  weighing  9,060  pounds,  with  an 
average  of  823.  During  the  42  days,  these  steers  required  3,344? 
pounds  hay,  because  of  frosts  and  storm,  in  addition  to  the  waste 
materials  consumed.  Therefore  the  447  pounds  gain  made  by  the 
steers,  at  4V^  cents  a  pound,  is  worth  $20.11,  which  sum,  minus 
the  hay  consumed,  viz. :  3,344  pounds  at  $6.00  per  ton,  gives  a 
profit  of  $10.08  gain  from  the  steers,  from  increase  in  weight,  in 
addition  to  food  required  for  maintenance. 

The  230  lambs  went  on  the  fields  on  October  15th,  weighing 
11,699  pounds  with  an  average  of  50.86  pounds.  On  November 
15th  these  were  removed  to  the  feed  lots,  after  having  weighed 
13,948  pounds,  averaging  60.64  pounds.  We  therefore  have  a 
total  increase  of  2,249  pounds  of  mutton,  or  9.78  pounds  per 
head.  The  increase  of  2,249  pounds,  at  5  cents,  gives  a  return  of 
$112.45,  minus  1,100  pounds  clover  hay  at  $6.00  per  ton,  leaving 
a  clear  profit  of  $109.15  from  the  lambs  consuming  waste  farm 
products. 

The  24  pigs,  consisting  of  Berkshire  and  Poland  China  sows 
and  young  stock,  were  turned  on  the  stubble  fields  on  October  4th. 
They  then  gave  a  total  weight  of  2,731  pounds,  averaging  113.79 
pounds,  including  all  ages. 

On  November  15th,  these  pigs  were  prevented  from  securing 
further  supplies  from  the  fields  by  severe  weather.  Thej^  were  then 
found  to  weigh  3,608  pounds,  an  increase  of  877  pounds  over  the 
weight  at  the  time  of  going  on  the  stubble.  During  this  time  410 
pounds  of  barley  meal,  at  60  cents  per  cwt.,  was  fed  in  time  of 
storm,  amounting  to  $3.28.  The  877  pounds  gain,  at  5^4  cents 
per  pound,  gives  a  return  of  $46.04,  which  sum  minus  the  value  of 
the  food  fed,  amounting  to  $3.28,  leaves  a  clear  profit  of  $42.76 
from  the  25  pigs  while  consuming  waste  grain.  And  this  is,  of 
course,  over  and  above  the  food  required  for  maintenance. 

We  regret  that  data  was  not  secured  relating  to  the  colts  and . 
and  Jersey-  cattle. 

From  a  financial  standpoint,  a  clear  profit  of  $161.99  was 
obtained  from  the  cattle,  sheep  and  swine,  as  follows:  $109.15 
from  230  lambs,  $10.08  from  11  steers  and  $42.76  from  25  pigs. 
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Nor  is  this  all,  for  no  account  is  made  of  the  value  of  the  waste 
products  secured  and  used  for  maintenance  of  the  animals.,  .We 
have  considered  only  the  value  of  the  actual  pounds  of  flesh 
produced,  and  have  also  given  credit  for  the  supplementary  food 
used. 

Attention  is  called  to  the  percentage  rate  of  increase,  in 
pounds,  of  cattle,  sheep  and  swine  feeding  on  waste  materials, 
including  the  supplementary  foods  fed.  As  the  original  weight  of 
the  steers  was  3,613  pounds,  and  447  pounds  increase  was  made, 
the  percentage  rate  of  increase  was  5.19  per  cent.  The  original 
weight  of  the  lambs  being  11,699  pounds,  and  the  increase  made 
2,249  pounds,  the  percentage  rate  of  increase  was  19.2  per  cent. 
In  the  case  of  the  swine  an  increase  of  877  pounds  was  added  to 
the  original  weight  of  2,731  pounds,  giving  a  percentage  increase 
of  32.1  per  cent.  The  3,344  pounds  of  ha3'  fed  to  the  11  steers 
was  just  suflficient  to  supply  their  needs  12  days  out  of  the  42 ;  the 
1,100  pounds  of  clover  fed  the  230  lambs  during  the  month  was 
used  during  a  stormy  period  of  2Mj  days.  The  410  pounds  barley 
meal  was  required  by  the  pigs  during  a  similar  stormy  period 
when  thej"  were  ofi'  the  fields.  In  the  case  of  the  lambs  the  hay 
fed  would  not  account  for  more  than  100  pounds  increase,  and  the 
grain  fed  to  the  hogs  not  more  than  70  pounds. 

These  results  show  conclusively  that  sheep  and  pigs,  both 
being  close  feeders,  are  better  able  to  recover  the  waste  products 
of  the  farm  than  cattle.  And  that  the  three  can  be  used  together 
to  best  advantage.  That  under  the  conditions  described,  steers 
are  enabled  to  maintain  themselves  for  a  long  period,  but  the 
gains  w^ill  not  be  great.  While  the  pig  secures  most  of  the  fallen 
grain,  the  sheep,  with  appetite  suited  to  a  limitless  varietA^  gleans 
from  all  sources  alike,  securing  grain,  grass,  weeds  and  late 
pasture  growths. 

The  sole  benefit  is  not  derived  entirely'  from  a  monetary  stand- 
point, but  from  the  most  thorough  cleaning  which  the  farm 
receives,  especially  from  the  sheep,  which  does  the  work  of  the 
scavenger  in  handsome  fashion.  They  more  than  pay  their  way 
by  the  weed  seeds  which  they  destroy.  There  are  few  plants  that 
the  sheep  will  not  eat  if  allowed  access  to  them  before  they  become 
dead  and  woody.      And  any  weed  seeds  consumed  by  them  do  not 
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escape  being  destroyed.  While  the  pigs  secured  their  food  mostly 
from  shattered  peas  and  wheat,  the  lambs  consumed  all  classes  of 
waste  grain  and  vegetation. .  During  the  time  the  stock  was  on 
the  fields  55  acres  of  the  tract  was  plowed,  as  late  as  possible,  for 
spring  sowing  beginning  first  with  those  possessing  least  food. 

Where  clover  can  be  grown,  sheep  can  be  used  most  advantag- 
eously in  gathering  the  waste  products  of  the  farm.  Coming  from 
the  scant  range  they  are  thus  prepared  to  go  on  winter  feed  in  good 
form.  Strange  to  say,  no  losses  have  occured  during  two  seasons 
from  sheep  and  lambs  grazing  on  frozen  pastures,  even  though 
death  from  bloating  has  caused  serious  loss  earlier  in  the  season. 
This  experience,  with  regard  to  late  grazing  on  clover,  is  also  sup- 
ported b3'^  that  of  others  in  the  valley.  Contrary  to  eastern 
experience  our  clover  pastures  come  out  in  better  form  in  the 
spring  when  grazed  off  late  in  the  fall.  Luxuriant  growths  re- 
maining on  the  fields  seem  to  cause  smothering  or  winter  killing. 
The  fields  are  also  benefitted  by  the  return  of  much  fertilizing 
material. 

As  the  result  of  utilizing  the  **  waste  products*'  of  112  acres 
on  a  Montana  farm,  by  the  means  of  live  stock,  we  have  a  clear 
profit  of  $161.99  or  $1.44  per  acre  over  and  above  the  value  of  the 
food  secured  by  the  animals  and  required  for  maintenance.  And 
And  these  profits  resulted  practically  without  any  expenditure  for 
labor.  If  all  the  waste  products  of  western  farms  were  thus 
utilized  they  would  become  a  source  of  revenue  of  great  magni- 
tude. The  best  financial  successes  result  from  securing  all  the 
revenue  obtainable  irom  these  apparently  worthless  and  insignif- 
icant sources. 


FATTENING  LAHBS  ON  CLOVER  IN  GALLATIN  VALLEY. 


The  Gallatin  valley  has  long  been  famous  for  the  production  of 
brewing  barley,  wheat  and  oats,  of  unsurpassed  quality.  The 
conditions  giving  rise  to  such  favorable  results  have  been  known 
to  find  their  source  in  a  deep,  rich,  easil}'-  worked  soil,  with  an 
abundance  of  water  for  irrigation,  and  climatic  conditions  which 
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bring  all  the  forces  of  nature  into  harmony  in  the  perfect  develop- 
ment of  these  products-  But  while  the  production  of  these  grains 
is  unsurpassed,  both  in  quantity  and  quality,  the  same  conditions 
vrhich  favor  their  growth  produces  marvelous  results  in  the  pro- 
duction of  clover.  As  the  result  of  experiments  along  this  line,  the 
Experiment  Station  has  secured  much  valuable  data  relating  to 
the  growth  of  clover,  its  effect  on  the  fertility  of  the  land,  and 
utility  as  a  food  factor.  These  facts  will  appear  in  future  publica- 
tions. And  while  the  Station  most  earnestly  advocates  the 
growth  of  clover  in  Gallatin  valley,  the  constantly  increasing  area 
has  lead  to  another  important  question,  viz :  The  most  economic 
use  which  can  be  made  of  clover  in  order  to  secure  the  greatest 
possible  return  from  it. 

Two  years  ago  experiments  were  conducted  in  lamb  feeding,  in 
which  alsike,  red  clover,  and  alfalfa  were  the  chief  foods  used. 
Careful  comparison  showed  these  three  to  possess  feeding  value  in 
the  order  named,  though  with  slight  differences  in  any  case.  So 
that,  what  hereinafter  is  said  of  red  clover,  and  its  feeding  value 
will  apply  much  the  same  to  alsike  and  alfalfa.  During  the  last 
winter  season,  comparative  results  were  obtained  from  the  fatten- 
ing of  lambs  on  clover  alone,  with  those  receiving  both  clover  and 
grain.  These  results  have  been  so  satisfactory,  both  by  way  of 
quantity  and  quality  of  product  and  financial  return,  that  as  the 
harv-est  season  of  1900  closes,  with  innumerable  clover  stacks 
dotting  the  valley,  we  feel  that  the  results  of  our  work  may  at 
least  offer  some  suggestions  regarding  the  use  of  clover  in  mutton 
production. 

On  December  12th,  1899,  60  lambs  were  started  on  a  90  day 
feeding  test.  These  were  divided  into  three  lots  of  20  each ;  lot  (1) 
received  clover  and  wheat,  lot  (2)  clover  only,  and  lot  (3)  clover 
and  oats.  Within  this  period  of  90  days,  the  lambs  feeding  on 
clover  alone,  consumed  an  average  amount  of  3.16  pounds  per 
head,  per  day.  The  two  lots  receiving  an  average  of  .93  pounds 
wheat  and  oats  respectively  per  head  each  day,  consumed  onh' 
2.14  pounds  clover. 

The  gains  made  during  the  90  days  were  as  follows :  Lot  (1), 
fed  clover  and  wheat,  30  pounds  each;  lot  (2),  clover  onh%  24.3 
pounds;  lot  (3),  clover  and  oats,  31.75  pounds  each.    Considering 
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the  fact  that  nearly  a  pound  of  grain  was  fed  to  each  lamb,  per 
day,  to  two  of  the  lots,  the  showing  made  by  clover  alone  is 
remarkably  good.  With  lambs  of  the  range  type,  feeders  seldom 
reach  a  gain  of  ten  pounds  per  head,  per  month,  when  both  hay 
and  grain  are  used.  The  two  lots  receiving  grain  and  clover  also 
had  a  slight  advantage  from  the  use  of  a  small  allowance  of  roots. 

Cost  of  Feeding, — The  clover  hay  was  charged  up  at  $6.00  per 
ton,  damaged  wheat  at  40  cents  per  cwt.,  and  oats  at  90  cents  per 
cwt.  At  this  rate  the  cost  of  food  for  each  of  the  three  pens  of 
20  each,  for  90  days,  was  as  follows :  Lot  (1),  clover  and  wheats 
$19.38;  lot  (2),  clover  only,  $17.21;  lot  (3),  clover  and  oats,  $27.95. 
The  total  gains  per  ton,  in  order,  above  given,  were:  Lot  (1),  €01 
pounds:  lot  (2),  486  pounds;  and  lot  (3),  635  pounds.  Considering 
these  gains,  and  the  cost  of  foods,  the  clover  and  wheat  ration 
produced  mutton  at  a  cost  of  $3.22  per  cwt.  increase,  clover  alone 
$3.54,  and  the  clover  and  oats  $4.30.  These  results  show  con- 
clusively that,  though  clover  alone  did  not  give  absolutely  the 
most  rapid  or  cheapest  increase,  still,  there  was  little  difference 
between  it  and  the  clover  and  wheat  ration,  and  that  satisfactory^ 
gains  and  financial  returns  can  be  obtained  from  the  clover  alone. 
They  also  show  that  oats  at  the  price  charged,  cannot  be  profit- 
ably used  except  in  small  quantities. 

The  profits  derived  from  these  three  methods  of  feeding,  at  the 
end  of  90  days,  were : 

Net  profit  per  head,  from  lambs  fed  clover  and  wheat 96  As. 

*•        '*        *'        «'         <*         »»         **        *»       only 82    ** 

''      and  oats.. ..!...!!. !!!62    '' 

The  lambs  were  bought  at  $3.00  each  and  sold  at  the  rate  of 
$4.68  per  cwt.,  live  weight.  We  conclude  from  the  results  of  No. 
1,  that  cheap  grains,  otherwise  unsalable,  can  be  used  to  good 
advantage  along  with  clover  for  fattening  lambs,  and  also,  that 
while  the  clover  alone  gave  good  results,  we  believe  that  where 
possible  a  small  amount  of  grain  fed  with  it,  will  increase  the  gain 
and  add  to  the  quality^,  but  large  quantities  are  not  necessary  with 
the  quality  of  clover  here  produced.  From  the  data  obtained  it 
was  found  that  11.8  pounds  of  clover  was  required  to  maintain 
the  animal  and  produce  a  pound  of  gain.  Thus  one  ton  of  clover 
produced  169.5  pounds  of  mutton,  which,  at  the  selling  price  of 
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$4.68  per  cwt.  was  worth  $7.93.  Is  this  not  a  good  market  value 
for  one  ton  of  clover  hay  ?  Is  it  possible  to  dispose  of  it  to  better 
advantage  in  any  other  way? 

The  necessity  of  securing  the  proper  type  of  lambs  for  feeding 
is  very  important.  During  the  past  two  seasons,  comparative 
results  have  been  secured  by  feeding  lambs  of  the  mutton  type,  and 
v^'^ool  producing  kind  by  similar  methods.  Those  of  the  mutton 
type  used,  contained  a  large  percentage  of  Shropshire  blood.  They 
w^ere  large  framed  and  strong  boned,  cylindrical  of  form,  possess- 
ing broad  evenly  fleshed  backs,  with  good  width  at  brisket,  chest, 
and  shoulders.  The  other  class,  composed  of  Merino  grades,  were 
almost  the  reverse  as  to  general  form  and  quality'.  The  compact 
lamb,  of  the  former  class,  carr^nng  a  large  quantity  of  natural 
flesh,  when  fed  on  an  expensive  ration  of  clover  and  oats,  produced 
100  pounds  gain  at  a  cost  of  $4.39  per  cwt.,  while  those  of  the 
inferior  type,  using  the  same  kind  of  food,  in  the  same  amount, 
cost  $4.65  per  cwt.  increase.  The  lambs  of  the  mutton  type 
required  over  one-half  pound  less  clover  to  each  pound  of  increase. 

The  results  obtained  lead  us  to  conclude  that,  with  the  condi- 
tions which  Gallatin  valley  presents,  the  possibilities  for  mutton 
production  are  unparalleled,  for  in  the  first  place,  the  best  foods 
can  be  grown  abundantly,  and  secondly,  we  have  the  stock  near 
at  hand  to  consume  it.  Individual  acres  of  clover,  grown  at  the 
Experiment  Station,  for  three  successive  3^ears  produced  over  one 
and  one-half  tons  of  hay,  at  froni  119  to  133  days  from  date  of 
sowing. 

During  the  season  just  closed,  a  field  of  7.26  acres  produced,  at 
two  cuttings,  a  total  of  35  tons  1,451  pounds  of  well  cured  clover 
hay.  And  while  this  food  can  be  produced  in  such  great  abund- 
ance, it  has  the  advantage  of  possessing  a  large  percentage  of 
those  nitrogenous  compounds  or  flesh  formers  which  the  eastern 
feeder,  who  relies  chiefly  on  com  or  screenings,  cannot  buy.  The 
clover  produces  a  much  better  quality  of  meat  than  the  starchy 
foods,  such  as  screenings,  com,  barley,  etc.,  and  this  will  apply  to 
beef  and  dairy  productions  as  well. 

While  the  production  of  clover,  and  its  conversion  into  mutton 
is  desirable,  this  need  not  interfere  with  the  grain  output.  On  the 
contrary,  clover  must  materially  assist  the  grain  producer,  taking 
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the  place,  as  it  is,  of  the  vast  summer  fallow  area.     We  therefore- 
have  the  clover  for  feeding  purposes  without  decreasing  the  grain 
area. 

The  question  of  the  disposal  of  finished  mutton  is  one  which 
confronts  us  in  a  serious  way,  as  the  local  demand  does  not  require 
but  a  litnited  quantity.  It  is  the  purpose  of  the  Experiment 
Station  to  fatten  a  car  load  each  of  lambs  and  steers,  for  shipment 
to  Chicago  in  the  early  spring.  Several  others  have  also  signified 
their  intention  of  feeding  in  time  to  join  this  experimental  ship- 
ment. We  have  found  that  it  will  pay  to  feed  lambs  from  70  to  90 
days  and  steers  at  least  120. 

Results  justify  conclusions  to  the  effect  that  mutton  can  be 
successfully  produced  on  clover  alone,  though  the  use  of  a  small 
grain  allowance  is  desirable  especially  because  of  its  ultimate  effect 
on  quality.  Where  clover  or  alfalfa  may  have  been  damaged  and 
unsaleable,  it  cannot  be  used  in  a  better  way  than  as  a  sheep  food. 
We  cannot  urge  too  strongly  the  growth  of  clover  in  Gallatin 
valley  and  its  subsequent  conversion  into  mutton. 

What  has  been  said  of  the  clover  and  Gallatin  vallev  condi- 
tions,  will  apply  in  much  the  same  wa3'  to  the  numerous  alfalfa 
regions  of  Montana. 
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CHEMICAL  DEPARTMENT. 


F.  W.  Traphagen,  Chemist. 

The  usual  lines  of  work  have  been  carried  on  by  this  depart- 
ment during  the  past  twelve  months.  A  considerable  amount  of 
time  was  given  to  an  examination  of  the  condition  of  the  foods 
found  in  our  market  and  a  resume  of  the  results  is  introduced  here. 
A  detailed  report  of  this  work  has  been  published  in  the  Biennial 
Report  of  the  Bureau  of  Agriculture,  Labor  and  Industry. 

Much  interest  has  been  manifested  in  this  work  and  numerous 
newspaper  articles  have  been  written,  and  addresses  given  in  an 
effort  to  better  conditions  by  arousing  public  sentiment  and 
securing  the  enactment  of  proper  legislation  for  the  protection  of 
our  citizens.  Through  the  efforts  of  Senator  Hoffman  a  bill  was 
introduced  into  the  legislature  at  its  last  session  and  its  passage 
through  the  Senate  secured.  The  activity  of  a  lobby  of  grocers, 
mainly  from  Butte,  caused  the  jiefeat  of  the  bill  in  the  House  of 
Representatives,  not,  however,  without  the  disapproval  of  a  large 
number  of  our  best  citizens. 

It  is  to  be  hoped  that  funds  will  be  found  for  the  purchase  of 
another  series  of  samples  to  be  used  as  an  object  lesson  in  another 
campaign  for  protection. 

RESULTS  OF  FOOD  EXAMINATION. 

Found  Not  Found 
Adulterated.    Adulterated. 

Canned  Vegetables 6  25 

Soups 5  9 

Tomato  Catsups 12  0 

Jams,  Jellies  and  Preserves 26  0 

Cereal  Breakfast  Foods 0  30 

Baking  Powders 9  6 

Flour 0  18 

Miscellaneous  Foods 15  18 

Vinegars 21  6 
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The  sugar  beet  investigations  of  the  past  season  have  not  been 
at  all  satisfactory.  Because  of  changes  in  the  administration  of 
this  part  of  our  work,  seed  was  not  sent  out  sufficiently  earh'  to 
secure  active  co-operation  on  the  part  of  our  farmers  and  very  few 
reported  having  planted. 

This  season  we  have  projected  the  most  general  test  yet  carried 
on,  and  every  agricultural  section  of  the  State  will  be  represented 
in  the  trials.  The  seed  has  been  sent  out  sufficiently  early  to  secure 
the  benefit  of  planting  as  soon  as  conditions  permit  and  the  results 
should  be  of  considerable  value. 

On  the  Bitter  Root  Stock  Farm,  near  Hamilton,  Mont.,  the 
most  systematic  series  of  experiments,  yet  made  within  the  State, 
are  being  carried  on.  Small  tracts  selected  at  different  points  on 
the  farm  have  been  chosen,  affording  a  great  variety  of  soil  and 
conditions.  Sugar  beets  are  being  grown  on  these  plats'  under  the 
direction  of  a  skilled  sugar  beet  culturist  from  Utah,  and  will  be 
handled  far  better  than  the3''  ever  have  been  in  this  State.  Hereto- 
fore the  crop  has  been  grown  incidentally,  usually  merely  as  a 
favor  to  the  Experiment  Station,  and  has  rieceived  attention  when 
everything  else  has  been  looked  after.  While  we  greatly  appreciate 
the  assistance  w^e  have  received  from  co-operating  farmers,  it  is  no 
less  true  that  sugar  beets  have  been  greatly  neglected  in  the  past 
and  the  excellent  results  previously  obtained  have  been  in  spite  of 
verj*^  unfavorable  conditions. 

Besides  the  tests  above  mentioned,  through  the  efforts  of  Hon. 
W.  A.'  Clark,  seed  has  been  widely  distributed  throughout  the 
valley  of  Clark^s  Fork  of  the  Yellowstone  river,  and  a  new  field 
will  be  studied  here.  There  is  little  doubt  that,  if  the  results  of  the 
present  season  are  satisfactory,  a  beet  sugar  factory  will  be  estab- 
lished at  some  point  within  the  State.  This  means  much,  not  only 
to  the  favored  community,  but  to  the  State  at  large. 

In  connection  with  our  study  of  the  alkali  problem  we  have 
been  making  a  series  of  experiments  to  determine  the  limit  of 
tolerance  for  alkali  of  our  different  crops.  These  tests  have  been 
very  satisfactory  and  serve  to  show  that  there  are  very  few  places, 
in  our  State  where  the  alkali  alone  is  in  sufficient  quantity  to- 
prohibit  the  growth  of  our  usual  crops.  A  number  of  interesting 
points  have  been  noted  in  this  investigation,  which  will  be  pre- 
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sen  ted  in  a  bulletin  soon  to  be  issued.  Successive  series  of  experi- 
ments have  been  planned  with  various  plants,  which,  taken  in 
connection  w^ith  our  analysis  of  the  soil  of  different  sections,  will 
enable  us  to  prescribe  the  crop  most  likely  to  succeed  in  anj' 
instance. 

Pot  experiments  have  been  instituted  to  determine  the  best 
methods  of  handling  such  soils  as  resist  ordinary  methods  of 
treatment.  The  effects  of  tailings  and  tailings  waters  from  the 
copper  smelters,  upon  hay  and  grain  crops,  have  been  carefully 
studied  and  the  results  will  be  embodied  in  a  bulletin  to  be  issued 
soon.  It  mav  be  said  that  the  conclusion  was  reached  that 
chemically  there  has  no  evil  resulted  from  the  presence  of  metals 
in  solution  and  that  the  mechanical  effects  are  the  same  as  would 
come  from  the  presence  of  the  same  amount  of  sand  or  clay  under 
similar  conditions. 

A  resume  of  the  anah^tical  work  shows  the  following  as  the 

work  of  the  year : 

Soils .285 

Foods 201 

Water 10 

Milk,  etc 4 

Butter 12 

Beets 7 

Coal 8 

Miscellaneous 36 

Total 563 


38  MONTANA  EXPERIMENT  STATION. 


BOTANICAL  DEPARTMENT. 


J.  W.  Blankinship,  Botanist. 

The  work  of  the  botanist  during  the  past  year  has  been  con- 
fined chiefly  to  a  study  of  the  weeds  of  the  State  and  the  prepara- 
tion of  a  summary  of  our  knowledge  of  the  same,  issued  as 
Bulletin  No.  30  of  this  Station,  and  a  continuation  of  the  study  of 
the  plants  poisonous  to  stock  and  the  conditions  under  which 
that  poisoning  usually  occurs.  Unfortunately  the  field  ^ork 
could  not  begin  until  June  1,  after  the  main  period  of  poisoning 
was  over,  so  that  relatively  few  cases  could  be  investigated 
immediately  after  the  poisoning  occurred.  Nevertheless,  through 
the  co-operation  of  the  various  railways  traversing  the  State^ 
a  large  amount  of  data  was  accumulated  and  the  distribution  of 
the  plants  chiefly  concerned  was  largely  determined. 

In  addition  to  this  work  a  considerable  number  of  plants  sent 
in  for  identification  have  been  determined  and  more  than  a  thous- 
and specimens  have  been  added  to  the  herbarium,  among  which 
was  a  set  of  the  grasses  of  the  United  States  from  the  Division 
of  Agrostology  at  Washington. 


A  NATIVE  HEDGE  PLANT. 


Hedges  are  desirable  in  every  country  not  only  for  their  per- 
manent utility  in  fencing  yards  and  fields,  but  also  for  their 
ornamental  value.  As  yet  no  plant  has  come  into  general  use  in 
Montana  for  this  purpose,  but  a  series  of  independent  experiments 


ANNUAL  REPORT.  39 


ha  ve  been  made  in  various  parts  of  the  State  to  utilize  the  buffalo- 
berry  shrub  (Shepherdia  argentea,  Nutt.)  for  this  purpose,  and, 
while  not  fully  successful,  the  results  seem  to  show  that  with 
proper  care  the  plant  can  probably  be  made  to  answer  the  pur- 
pose. 

Shepherdia  argentea^  Nutt.  grows  in  the  lowlands  along 
streams  throughout  the  Great  Plains  region  from  Manitoba  and 
Kansas  westward  to  the  mountains  and  in  the  Great  Basin  to  the 
Sierra  Nevada  range.  In  Montana  it  is  found  in  more  or  less 
abundance  east  of  the  Divide,  along  the  Missouri,  Yellowstone 
and  their  tributaries,  often  forming  dense  impenetrable  thickets  in 
the  lowlands.  It  is  a  shrub,  or  small  tree,  rarely  exceeding  25  feet 
in  height  and  a  diameter  of  5  or  6  inches,  with  widely  spreading, 
tough  and  thorny  branches  and  bearing  a  dense  cluster  of  pale  red, 
rarely  yellow,  berries,  ripening  in  autumn  and  ha^^ng  a  sharp  acid 
flavor,  esteemed  for  jelly-making,  for  which  they  are  extensively 
used. 

Although. the  plants  grow  naturally  only  in  the  low  ground, 
there  is  no  reason  why  they  should  not  be  made  to  grow  wherever 
the  roots  can  be  kept  moist  by  irrigation  in  the  plains  or  valleys  in 
any  part  of  the  State.  The  following  gentlemen  give  the  results  of 
their  experiments  with  the  buffalo-berry  plant  for  the  benefit  of 
others  who  may  care  to  continue  the  work. 

Mr.  John  Matheson,  living  8  miles  east  of  Chinook  in  the  Milk 
river  valley,  writes  ( December  21,  1900)  as  follows : 

**The  buffalo-bush  hedge  was  planted  three  years  ago  as  an 
experiment  and  seems  to  answer  the  purpose.  It  grows  in  alkali 
land,  stands  the  climate  and  bears  trimming.  It  is  not  a  very  fast 
grower  and  it  will  take  about  6  years  before  it  can  be  depended  on 
for  a  fence.  I  tried  to  grow  the  plants  from  the  seed,  but  failed, 
owing  to  the  place  being  flooded  in  the  spring.  The  plants  should 
be  reset,  when  not  more  than  six  inches  high,  in  a  double  row 
about  twelve  inches  apart  each  wa3'.  The  cost  of  such  a  fence  will 
not  exceed  50  cents  a  rod.  The  Osage  orange  will  not  grow;  I 
tried  it  and  failed." 

Mr.  Olney  Taylor,  of  the  State  Board  of  Horticulture,  has 
p)erformed  a  similar  experiment  at  Park  City  on  the  Yellowstone 
and  gives  his  conclusions  (November  12,  1901). as  below : 
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**  In  regard  to  the  buffalo-berry  as  a  hedge  plant  I  will  sa3^  that 
my  experience  with  it  is  rather  limited.  A  few  years  ago  I  planted 
some  seeds  along  the  road,  which  gre\^'^  well  and,  if  they  had  been 
properly  pruned,  I  think  would  have  made  a  good  hedge,  but  they 
have  been  allowed  to  grow^  naturally  and  are  tall  and  not  as  thick 
as  they  should  be.  The  greatest  objection  I  have  to  them  is  that 
they  sprout  quite  badly  where  the  ground  is  cultivated  near 
them.'' 

Mr.  A.  M.  Crawford,  of  Billings,  is  another  who  has  tried  the 
plant  for  this  purpose  and  writes  under  date  of  November  13, 1901: 

**  The  buffalo-berry  makes  a  beautiful  and  effective  hedge.  The 
land  shoujd  be  in  good  tillable  condition  before  planting.  If  new 
ground,  a  strip  about  four  furrows  wide  and  two  furrows  deep — 
as  deep  as  the  plow  can  be  made  to  run — should  be  prepared  in  the 
fall  for^  early  spring  planting.  While  the  buffalo-berry  is  native 
along  our  river  bottoms,  I  find  that  the  young  plants  can  be 
readily  established  on  uplands,  but  with  difficult^'  on  low,  soggy 
ground  ;  and  that,  while  in  the  former  position  they  must  be  care- 
fully irrigated,  in  the  latter  they  are  likely  to  get  in  a  way  trouble- 
some brush.  One  more  weaving  and  you  have  a  hedge  that  cattle, 
and  even  boys,  are  willing  to  let  alone.  From  this  time  on  it  is  a 
question  of  neatness  and  the  pruning  shears.  The  work  of  weav- 
ing can  be  greatl}-  facilitated  by  having  smooth  wires  at  stated 
intervals  under  which  to  bend  the  young  wood.'* 

The  buffalo-berry  will  not  grow  in  the  foothills  above  3,000 
feet  altitude,  but  it  maybe  possible  to  utilize  the  black  and  red  haw 
(Crateegus  coccinea,  L.  and  C.  Dovglasiiy  LindL),  which  take  its 
place  in  those  situations  and  grow  in  abundance.  For  ornamental 
hedges  the  barberr^^  (Berberis  Canadensis^  Push  and  B.  vulgaris ^ 
L.)  and  the  privet  (Ligustruni  vulgare,  L.)  may  well  be  employed 
as  they  are  perfectly  hardy  in  most  situations  below  5,000  feet  and 
have  been  grown  successfully-  in  the  gardens  of  the  Station  at 
almost  that  altitude. 
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THE  "ARCTIC  BERRY"  FRAUD. 


For  a  number  of  years  a  man,  with  a  camping  outfit,  has  been 
canvassing  various  parts  of  the  State  selling  a  so-called  ** Arctic 
berrj^''  taking  orders  throughout  a  particular  section  during  the 
spring  and  summer  and  delivering  the  plants  in  the  fall.  He 
exhibits  a  number  of  the  **  berries  "  preserved  in  a  liquid  in  a  bottle 
and  they  are  said  to  have  a  very  attractive  appearance,  being 
*  *  three  times  the  size  of  a  strawberry  and  with  the  color  of  an 
orange."  He  claims  the  fruit  is  of  his  own  production,  resulting 
from  crosses  between  a  number  of  berries  of  which  the  huckleberrj', 
sarvice  berry,  strawberry,  wild  cherry  and  several  other  unnamed 
species,  play  a  part,  the  whole  combining  to  form  the  wonderful 
fruit  then  exhibited.  He  claims  the  fruit  was  first  grown  b\'  him- 
self in  Idaho,  and  is  now  cultivated  successfullv  in  the  Gallatin 
valle}',  near  Bozeman.  From  reports  it  seems  that  this  plausible 
gentleman  has  **  worked ''  a  great  part  of  the  State,  including  the 
region  about  Great  Falls,  the  Gallatin  valley  and  the  Madison 
river  and  spent  the  summer  of  1901  in  Sweet  Grass  and  Carbon 
counties.  The  matter  was  called  to  the  attention  of  the  Station 
in  time  to  advertise  the  fraud  in  the  newspapers  before  the  delivery 
of  the  *•  berries  "  and  relativeh^  few  were  disposed  of.  It  was  then 
stated  that  any  man  knowingly  making  such  statements  as  those 
attributed  to  him  in  regard  to  the  origin  of  the  fi'uit  in  question, 
was  a  fraud  and  subject  to  prosecution  under  the  laws  of  the 
State,  and  he  was  asked  to  submit  some  of  the  fruit  and  plants  to 
this  Station  that  we  might  pass  tipon  the  value  of  this  remarkable 
hybrid.  Notice  was  also  given  in  all  the  Bozeman  papers  for 
information  in  regard  to  this  new  plant,  from  anyone  cultivating 
it  in  this  vicinity,  but  no  responses  have  been  received  either  from 
the  agent  or  from  an}-  successful  grower,  for  all  the  plants  sold  in 
this  vicinity  are  either  dead  or  killed  down  each  year  by  the  frost, 
and  we  have  yet  been  unable  to  secure  living  specimens  for  exami- 
nation. Horticulturists,  who  have  seen  the  growing  *'Arctic 
berry,*'  report  the  plant  sold  as  the  white  mulberry  {Moras  alba^ 
Lf.)  and  some  leaf-scraps  examined  seem  to  agree  with  that  species. 
The  thing  is  a  palpable  fake,  for  such  crosses  as  those  mentioned 
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are  botanically  impossible.  Space  is  here  given  the  subject  in  order 
to  protect  the  people  of  the  State  from  such  imposition  hereafter^ 
and  to  warn  our  neighbors  of  adjoining  States  to  look  out  for  this- 
smooth-tongued  **  nurseryman/' 


POSSIBILITIES  OF  STRAWBERRY  CULTURE  IN  THE  STATE. 


In  a  state  with  great  variations  in  climate,  due  to  the  differ- 
ence in  altitude  found  in  mountainous  regions,  it  is  possible  to 
extend  the  fruiting  period  of  seasonal  fruits,  such  as  the  straw- 
berry, over  considerable  time  by  taking  advantage  of  this  progress 
of  season  at  the  different  altitudes,  and  this  fruiting  period  maj' 
be  still  further  extended  by  planting  early  and  late  varieties.  A& 
far  as  can  be  yet  judged  by  the  native  vegetation,  there  appears  to 
be  a  difference  of  about  a  week  in  the  opening  of  flowers  and  the 
ripening  of  fruit  for  each  2,000  feet  of  altitude  and  as  our 
altitude  ranges  from  about  1,800  to  over  11,000  feet,  it  seems 
that  advantage  might  be  profitably  taken  of  this  fact  for  growing 
a  fruit  for  which  there  is  always  a  ready  market. 


THE  ALKALI  DISEASE  OF  PLANTS. 


Several  times  recently  my  attention  has  been  called  to  a  sup- 
posed  parasitic  disease  affecting  plants  in  certain  localities,  but 
upon  examination  no  fungus  was  found,  but  the  plants  had  every 
indication  of  poisoning  by  alkali,  either  through  the  rise  and 
settling  in  low  ground  of  the  waters  of  irrigation  containing  these 
salts  in  excess,  or  through  watering  potted  plants  with  such 
water.  In  general,  plants  thus  affected  show  it  by  the  gradual 
3'ellowing  of  the  foliage,  or  by  the  withering  of  the  leaves  at  tips 
and  edges,  until  they  die  and  drop  off,  causing  the  death  of  the 
plant.  A  considerable  number  of  the  trees  in  the  park  along  the 
river  side,  at  Great  Falls,  appear  to  have  died  from  this  cause  and 
the  same  trouble  has  been  found  with  shade  trees  in  certain  locali- 
ties at  Helena  and  Bozeman.      The  remedv  in  such  cases  is  clearlv 
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underground  drainage  to  carry  off  the  excess  of  salts  accumulat- 
ing in  the  water  in  such  situations,  or  a  reduction  in  the  irrigation 
on  the  higher  ground  near  by.  The  trouble  seems  also  to  affect 
potted  plants  and  gardens,  when  watered  with  water  containing 
an  excess  of  alkali,  and  cases  have  arisen  seemingly  from  this  cause 
at  Columbia  Falls  and  Helena  and  will  doubtless  be  noted  from 
other  localities  in  the  eastern  part  of  the  State,  the  remedy  here 
being  to  secure  water  from  some  source  not  thus  contaminated. 

The  effects  of  alkali  upon  plants  are  thus  described  by  Dr.  E- 
W.  Hilgard,  director  of  the  California  Experiment  Station :  **  In 
the  case  of  herbaceous  plants  the  first  effect  is  a  dwarfing  of  the 
whole  system,  and  as  the  salts  accumulate  at  the  surface,  they  will 
cause  a  corrosion  of  the  root-crown.  In  the  case  of  trees  also  the 
root-crown  usually  shows  a  darkening  of  the  bark,  and  a  brown- 
ing of  the  liber,  if  the  alkali  is  strong  enough.  It  is  then  that  the 
leaves  yellow,  but  short  of  such  an  effect  upon  the  root-crown  the 
essential  symptom  of  alkalied  plants  is  a  dwarfing." 


INVESTIGATIONS  OF  PLANTS  POISONOUS  TO  STOCK  ITM  MONTANA. 


This  work,  begun  during  the  preceding  summer  has  been  con- 
tinued for  most  of  the  present  season,  but  has  been  confined  mainly 
to  field  work  to  determine  the  plants  causing  the  various  cases  of 
poisoning  reported,  the  times  of  the  year  when  such  poisoning  is 
most  apt  to  occur  with  the  conditions  then  prevailing  and  the 
localities  in  the  State  found  to  be  most  dangerous  to  stock,  with 
the  reasons  therefor;  also,  to  determine  the  distribution  over  the 
State  of  the  plants  known  or  suspected  of  causing  this  poisoning 
and  to  devise  methods  for  avoiding  the  same,  as  far  as  possible. 
The  work  of  experimentation  to  ascertain  the  exact  effects  of 
suspected  plants  upon  animals  has  been  left,  by  agreement,  to  the 
specialists  of  the  Department  of  Agriculture,  who  are  conducting 
their  work  at  this  Station  during  the  present  summer. 

In  order  to  call  the  attention  of  stockmen  to  this  work  and 
secure  their  assistance  in  conducting  the  same,  the  following  circu- 
lar was  issued : 


^: 
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NOTICE  TO  STOCKTIEN. 

The  Montana  Agi'iciiltural  Experiment  Station  in  co-oi>eration  with  the 
Department  of  Agriculture  at  Washin^on  and  the  State  Veterinarian  at 
Helena,  is  attempting  during  the  present  season  to  make  a  study  of  the  plants 
poisonous  to  stock  in  this  state.  In  order  to  fully  determine  the  conditions 
under  which  the  poisoning  normally  oc-curs  and  the  plants  to  which  it  may  be 
referred,  it  is  desired  that  detailed  reports  be  made  to  this  Station  of  losses 
now  occurring,  as  well  as  any  losses  which  may  have  occurred  in  the  past, 
noting,  as  far  as  practicable,  (1)  the  exact  locality  in  the  State  in  which  such 
poisoning  occurred  and  the  local  conditions,  whether  lowland  or  upland, 
plains,  foothills  or  mountains,  about  springs  or  along  streams;  (2)  the  time  of 
the  year  of  such  poisoning;  (3)  stock  affected,  whether  horses,  cattle  or  sheep; 
(4)  the  number  poisoned,  their  symptoms  and  treatment  pursued,  as  well  as 
relative  proportion  of  deaths:  and  (5)  the  plants  suspected,  with  descriptions  or 
specimens.  It  is  only  by  the  compilation  of  such  data  that  the  dangerous 
zones  in  the  State  can  be  accurately  determined,  as  well  as  the  time  when  they 
must  be  avoided. 

By  the  co-operation  of  the  stockmen  of  the  State  in  this  work,  particularly 
in  reporting  promptly  for  investigation,  all  new  cases  of  poisoning  that  may 
occur,  it  is  hoped  that  definite  results  may  be  secured  and  the  present  loss  due 
to  this  cause  prevented. 

Address  all  communications  and  specimens  to,  Montana  Agricultural 
Experiment  Station,  Bozeman,  Montana. 

June  5, 1901. 

The  results  of  this  investigation  will  be  issued  as  a  bulletin 
early  next  spring  in  time  to  be  of  service  to  the  stockmen  during 
the  dangerous  season. 

In  order  to  make  this  work  as  practical  as  possible,  the  Station 
has  had  sets  of  the  plants,  suspected  or  known  to  be  poisonous, 
mounted  and  framed  for  general  distribution  in  the  principal 
stock-growing  centers  and  these  will  be  sent  to  an\'one  w^ho  will 
pay  the  expense  of  framing  and  transportation  and  agree  to  place 
them  on  exhibition  in  some  public  place  in  his  locality.  A  number 
of  these  frames  have  already  been  distributed.  It  is  hoped  that 
next  season  portfolios  can  be  prepared  of  the  most  dangerous 
species  for  distribution  to  stockmen  to  be  placed  in  the  hands  of 
their  foremen  and  herders  to  make  known  the  plants,  which  must 
be  avoided  or  destroyed,  but  at  present  not  enough  specimens 
have  been  collected  to  enable  this  to  be  done,  except  in  a  few  cases. 
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ENTOMOLOGICAL  DEPARTMENT. 


R.  A.  CooLEY,  Entomologist. 

An  account  of  five  insect  pests,  not  previously  mentioned  in 
the  publications  of  this  Experiment  Station  as  being  present  in 
Montana,  is  herewith  presented.  All  are  of  first-class  importance, 
some  having  proved  themselves  very  injurious  to  our  vegetation 
and  the  others  being  vsrell  known  for  their  destructive  habits 
elsewhere. 

The  year's  experience  has  emphasized  the  importance  of  the 
entomologist's  being  about  the  State  as  much  as  possible  in  order 
that  the  presence  of  injurious  insects  ma3^  be  detected  and  made 
known.  The  widespread  belief  in  Montana  that  injurious  insects 
have  not  yet  found  their  way  to  our  fields  is  only  partially  based 
on  facts,  but  is  due,  rather,  to  a  lack  of  knowledge  of  the  real  con- 
ditions. It  seems  clear,  then,  that  the  actual  conditions  should  be 
published  as  rapidly  as  possible  so  that  the  fruit  grower  and 
rancher  may  not,  through  ignorance  of  their  presence,  allow  them 
to  gain  a  foothold.  The  past  year  has  developed  a  knowledge  of 
the  presence  and  distribution  of  a  considerable  number  of  ver\' 
important  pests  and  there  can  be  no  doubt  that  the  coming  year 
will  reveal  many  more. 
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THE  STRA'WBERRY  LEAF-ROLLER. 


Phoxopteris  comptana.    Frol. 

So  far  as  is  known  to  the  writer  the  strawberry  leaf-roller  has 
not  yet  been  very  destructive  in  Montana,  but  for  many  years  the 
species  has  been  fairly  well  known  in  other  parts  of  the  country 
and  in  some  localities  has  been  exceedingly  destructive.  In  Wash- 
ington it  is  looked  upon  as  being  the  most  destructive  pest  affect- 
ing the  strawberry  in  that  state.  We  therefore  have  reason  to 
fear  that  in  a  few  3'ears  we  too  may  suffer  from  its  ravages.  It 
has  been  discovered  in  Helena,  and  has  been  reported  from  Miles 
City, 

The  insect  feeds  upon  strawberry,  blackberry,  raspberry  and 
various  other  plants. 

It  receives  its  name  from  its  habit  of  rolling  and  crumpling  the 
leaves  of  its  host-plant.  The  larva,  which  is  small  and  of  a 
greenish  color,  lives  within  the  rolled  or  crumpled  leaves  w^here  it 
feeds  from  the  inside.  When  abundant,  the  larvae  not  only  devour 
the  foliage  but  cause  it  to  turn  brown.  They  are  very  active  and 
when  taken  into  one's  hands  will  quickly  wriggle  out  and  drop  to 
the  ground.  There  are  two  broods  of  the  larvae  each  year,  the 
first  brood  appearing  in  June  and  the  second  in  August.  The 
parent  moths  are  very  small  and  of  a  reddish  brown  color. 

The  best  remedy  to  be  employed  is  to  cut  the  vines  after 
harvesting  the  crop,  and,  after  allowing  them  to  dry  bum  them  as 
they  lie.  If  there  are  not  enough  vines  to  bum  well  some  old  hay 
or  straw  may  first  be  spread  over  the  field.  No  harm  will  be  done 
to  the  vines  by  burning  in  this  way. 

If  it  is  preferred  the  vines  may  be  sprayed  after  harvesting  the 
crop.  The  insecticide  used  should  be  arsenate  of  lead  in  preference 
to  Paris  green  since  it  remains  on  the  foliage  very  much  longer. 
This  insecticide  has  a  distinct  advantage  for  this  pest  since,  re- 
maining so  persistently  on  the  foliage,  will  be  rolled  b\'  larvae  into 
the  leaves  where  it  is  needed. 
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THE  NATIVE  CURRANT  SAW-FLY. 


Gymnonycbus  appendiculatus.    Hartig. 

This  insect  was  very  destructive  to  gooseberries  and  currants 
<3uring  the  year  in  the  vicinity  of  Kalispell,  showing  preference  for 
the  first  named  fruit  but  entirely  defoliating  currants  also.  The 
«pecies  also  occurs  in  Miles  City  and  like  many  other  pests 
probably  exists  unrecorded  in  other  parts  of  the  State. 

The  larvae  are  pale  green  even  when  full  grown  and  lack  the 
black  spots  found  on  the  larvae  of  the  European  relative  of  similar 
liabits,  which  is  verv  common  in  the  United  States. 

The  adults  are  four- winged  fly-like  insects,  black  in  color  with 
yellow  markings.  Two  broods  of  the  larvae  occur,  one  appearing 
late  in  June  or  early  in  July  and  one  in  August. 

White  hellebore,  either  dusted  on  the  foliage  while  the  latter  is 
•damp,  or  sprayed  in  water  at  the  rate  of  one  pound  in  twenty-five 
gallons,  is  a  good  remedy. 

The  hellebore  should  be  secured  in  advance  since  when  needed 
it  may  not  be  found  in  suflScient  quantity. 


THE  CABBAGE  LEAF-HINER. 


Plutella  crvciferarutn,    Zell. 

The  cabbage  leaf-miner  is  a  European  pest  which  has  been 
imported  into  this  country  and  has  become  widely  distributed.  In 
Montana  it  is  known  by  the  writer  to  occur  at  Hamilton,  Boze- 
man,  Missoula  and  Miles  City.  It  has  doubtless  been  brought 
into  the  State  on  cabbage  heads  intended  for  consumption. 

The  species  occurs  on  the  leaves  of  cabbage  and  related  plants 
as  small  green  worms,  one-fourth  of  an  inch  long,  tapering  toward 
both  ends  and  having  the  head  yellowish.  When  ready  to  trans- 
form the  larva  spins  a  delicate  gauze-like  cocoon  of  white  silken 
threads  and  the  enclosed  pupa  may  be  readily  seen  through  the 
silken  case.     The  moth  is  about  three-quarters  of  an  inch  long. 
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with  gray,  white,  black  and  brown  markings.  Three  diamond 
shaped  spots  on  the  back  of  this  long,  slender  and  shy  moth  make 
it  easily  recognized. 

Spraj'ing  the  affected  plants  with  water  is  said  to  be  a  good 
remedy.  The  insect  thrives  only  in  dry  weather.  Pyrethrum 
insect  powder  has  given  satisfactory  results.  The  larvae  often 
co-exist  with  the  cabbage  aphis,  discussed  below,  and  are  readily 
destroyed  by  the  substances  used  in  controlling  that  pest. 


THE  CABBAGE  APHIS. 


Aphis  brassicae.    Linn. 

ft 

A  great  many  fields  of  cabbage  and  related  plants  were  wholly 
or  partly  destroyed  during  the  year  by  this  species  and  a  large 
number  of  letters  concerning  it  were  received  and  answered.  The 
insects  were  present  in  almost  incredible  numbers  completel}' cover- 
ing all  parts  of  the  plants  and  working  into  the  heads  of  cauli- 
V  '  flower  in  such  numbers  as  to  destro3'  their  value.  Affected  plants 
withered  and  appeared  as  if  suffering  from  dry  weather. 

The  real  color  of  the  lice  is  greenish  gray,  but  this  is  obscured 
by  the  waxy  or  mealy  secretion  which  covers  their  bodies  and  gives 
them  a  leaden  color. 

The  species  attacks  cabbage,  turnip,  cauliflower,  rape  and 
other  plants  of  the  same  natural  family  (Cruci ferae). 

As  a  remedy-  for  the  pest,  kerosene  emulsion,  one  part  of  the 
emulsion  in  ten  of  water,  or  whale-oil  (more  correctly  fish-oil)  soap 
one  pound  in  fourteen  gallons  of  water,  may  be  used. 

The  insects  readilv  succumb  to  these  substances,  the  onlv  diflli- 
culty  in  the  treatment  being  to  get  the  insecticide  in  contact  with 
idl  the  lice. 

The  lice  cover  both  surfaces  of  the  leaves  thereb}-  making  it 
necessarA^  to  spray  the  under  as  well  as  the  upper  surface.  The 
spray-nozzle  must  be  lowered  among  and  under  the  leaves.  It 
may,  if  desired,  be  fastened  to  the  end  of  a  piece  of  half-inch  tubing 
which  will  allow  the  operator  to  stand  erect. 
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THE  ROSE  CURCULIO. 


Rhvnchites  bicolor.    Fab. 

This  insect  is  generally''  distributed  throughout  the  United 
States  and  while  having  been  seen  by  the  writer  only  at  Bozeman, 
Missoula,  Hamilton  and  Kalispell,in  Montana,  it  is  almost  certain 
that  it  occurs  in  all  parts  of  the  State. 

The  rose  curculio  is  a  beetle  one-fourth  of  an  inch  long,  red 
over  the  entire  upper  surface  from  the  head  to  the  tip  of  the 
abdomen,  with  the  ventral  surface,  beak  or  snout,  antennae  and 
legs  black. 

It  affects  both  wild  and  cultivated  roses,  boring  by  means  of 
its  long  snout  into  the  buds  and  cutting  the  stems  causing  the  buds 
to  lop.  It  is  particularl3^  destructive  west  of  the  range  where 
roses  are  grown  more  readily  than  on  the  east  side. 

Great  injury  to  roses  is  caused  b^^  this  species.  It  takes  very 
much  the  same  place  that  the  rose  chafer  {Macrodactylus  sub- 
spinosus)  occupies  in  the  east. 

No  verj'  satisfactorj^  remedy  is  known.  The  writer  is  making 
observations  on  the  habits  of  the  species  and  hopes  to  find  some 
,  means  of  defense  against  it. 

Temporary  relief  ma\'  be  secured  by  hand  picking  or  bA''  drum- 
ming them  oflF  into  a  pan  of  kerosene,  or  kerosene  and  water. 
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SUB-DEPARTMENT  OF  POULTRY 


H.  C.  Gardiner. 

student  in  C''1iarf4:e. 


During  September,  October,  November  and  December  190O 
three  pens  of  fowl  were  fed  separatel3%  with  a  view  to  determine 
the  best  method  of  feeding  and  caring  for  hens  during  the  moult- 
ing period.  While  this  work  was  not  carried  far  enough  for  con- 
clusive results,  we  would  from  the  results  obtained,  advise  a  liberal 
ration  for  moulting  hens,  and  attention  early  in  the  fall.  It  was 
found  that  flax  seed  was  a  valuable  addition  to  the  ration,  and 
that  a  full  ration  tended  to  stimulate  the  growth  of  feathers. 

Although  we  must  depend  chiefly  upon  early  hatched  pullets 
for  winter  eggs,  still  it  is  an  additional  source  of  profit  if  the  year 
old  and  two  year  old  hens  can  be  made  to  contribute  their  share 
to  the  egg-basket.  In  order  to  secure  these  results  fowls  must  be 
fed  liberally  commencing  in  September,  in  order  to  hasten  the 
moulting  of  those  who  have  begun,  and  to  start  those  whose  lov^' 
condition,  resulting  either  from  rearing  a  brood  of  chicks,  or  lay- 
ing late  in  the  summer,  has  left  them  without  vigor  enough  to* 
moult  before  cold  weather.  Owing  to  this  general  low  condition 
which  follows  the  summer's  v\^ork  the  flock  may  not  respond 
readily  to  their  feed,  and  it  is  advisable  to  stimulate  and  tone  the 
digestive  S3'^stem  with  Cayenne  pepper,  assafoetida,  etc.,  and  give 
**  Douglas  mixture ''  in  their  drinking  water  twice  a  week.  Doug- 
las mixture  consists  of  four  ounces  copperas,  one  ounce  sulphuric 
acid  in  two  gallons  of  water,  using  it  in  the  proportion  of  a 
tablespoon  in  a  quart  of  drinking  water  twice  a  week.  Such  pre- 
cautions will  to  a  great  extent  fortify  the  bird's  system  against 
roup  and  colds  which  occur  so  generally  in  this  State  in  the  fall 
and  winter  months. 

During  the  past  year  we  have  received  many  inquiries  about 
how  to  treat  flocks  which  are  affected  with  roup  and  colds,  and 
we  have  advised  maintaining  all  stock  in  a  vigorous  condition  in 
order  that  they  may  successfully  withstand  our  broken  fall  and 
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-winter  weather.  Debilitated  animals  are  the  most  susceptible  to* 
diseases  of  any  kind,  and  improper  quarters  and  poor  feed  only 
add  to  the  danger.  In  order  to  secure  freedom  from  roup  the 
houses  must  be  dry,  free  from  draft,  of  reasonably  even  tempera- 
ture and  well  ventilated.  Frame  houses  are  best  because  they  are 
easily  kept  dry,  and  we  believe  that  it  is  a  mistake  to  construct 
poultry  houses  of  stone  or  concrete,  as  the  walls  of  such  buildings 
are  almost  invariably  damp,  and  fowls  kept  in  such  buildings  are 
particularly  liable  to  disease.  In  order  to  maintain  an  even 
temperature  all  chinks  and  cracks  should  be  kept  closed  and  the 
building  made  as  tight  as  possible,  with  a  window  space  of  about 
one-eighth  of  the  front  in  a  building  six  feet  high.  Too  large  an 
area  of  glass  causes  the  building  to  heat  ver3'  quickl}^  during  the 
middle  of  the  day,  while  at  night  it  aflFords  a  large  radiating  sur- 
face, chilling  the  interior  and  producing  catarrh  and  colds  among 
the  inmates.  This  difficulty  niaj-  be  overcome  best,  by  the  proper 
glass  area,  and  by  the  use  of  a  stove  on  cold  nights  and  during 
long  eloudy  spells.  Last,  but  not  least,  comes  the  ventilation 
question,  while  a  building  should  be  built  as  nearly  air  tight  as 
possible,  it  should  also  be  well  ventilated.  Nothing  poisons  the 
animal  system  more  quickly  than  impure  air  laden  with  gases 
exhaled  by  the  fowl,  and  arising  from  the  droppings.  These  gases 
being  naturally  heavier  than  the  air  settle  in  the  lower  portions  of 
the  house,  and  it  is  from  these  lower  levels  we  must  ventilate. 
Ventilators  opening  at  the  roof  are  inefficient;  while  they  may 
remove  a  portion  of  the  lower  bodj'  of  air,  the^^  remove  chiefly  the 
upper  portion  which  is  warm  and  pure  and  which  should  be 
retained.  To  thoroughly,  cheaply  and  easily  ventilate,  run  a 
common  six-inch  stove  pipe  from  the  roof  to  within  six  inches  of 
the  floor,  having  a  damper  in  it  at  a  convenient  height.  The 
warm  air  near  the  roof  warms  this  pipe,  which  in  turn  warms  the 
air  inside,  and  this  enclosed  air  rising  creates  a  draft  which  gradu- 
ally and  successfully  removes  the  impure  air  in  the  vicinit3'  of  the 
fowl.  We  believe  if  the  many  inquirers  and  others,  whose  flocks 
are  affected,  would  follow  these  directions,  this  disease  which  is  so 
prevalent  throughout  the  State  would  soon  become  checked. 

During  January,  February  and  March  another  feeding  experi- 
ment was  conducted  in  which  six  pens,  comprising  90  birds  in  all,. 
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were  fed  to  determine  the  feeding  value  of  three  of  our  most  widelj' 
grown  grains,  wheat,  oats  and  barley,  and  further  what  advant- 
age is  to  be  gained  from  mixed  grain  rations.  Although  this  work 
will  be  continued  further  before  any  definite  conclusions  are  drawn 
we  believe  that  oats  and  wheat  is  the  most  profitable  mixture  and 
wheat  is  the  most  desirable  to  feed  alone. 

The  department  also  published  a  bulletin  designed  to  meet  the 
needs  of  beginners  in  this  branch  of  farming,  which  discussed  the 
following  topics:  Breeds  of  poultry  best  suited  to  Montana's 
market  and  climatic  conditions,  artificial  incubation  and  the  care 
of  incubator  chicks,  general  management  of  breeding  stock  and 
laying  birds,  advantages  of  pure-bred  stock,  construction  and 
ventilation  of  buildings,  construction  of  brooders  and  brood  coops, 
incubator  oils,  and  egg-preservation.  The  results  of  feeding  ex- 
periments which  were  planned  to  show  the  necessit}'  of  variety 
rations  in  egg  production  were  also  given,  together  with  data 
relative  to  the  effect  of  these  different  rations  upon  egg  fertility, 
and  upon  the  composition  of  the  egg. 

During  the  winter  months  we  were  forced  to  keep  several  of 

the  pens  confined  on  account  of  lack  of  yards,  the  ground  about 

the  building  being  only  partially  graded.      We  found  as  a  result  of 

this  confinment  that  even  with  careful  precautions  the  vice  of  Qgg 

eating  developed  to  a  very  considerable  extent  among  the  hens,  and 

cutting  the  beaks  was  only  a  temporary  check.  Darkening  the 
nesting  place  also  had  no  effect,  and  at  a  loss  to  stop  the 
practice  by  any  specific  means,  we  dug  post-holes  in  the  frozen 
ground  with  giant  powder  and  erected  temporary  fences.  This 
proved  an  effectual  remedy,  for  as  soon  as  the  birds  secured  the  run 
of  the  yards  the  practice  ceased  with  the  exception  of  one  or  two 
individual  cases.  This  practice  is  e\ndentl3^  the  immediate  result  of 
idleness  resulting  from  close  confinement  and  is  best  remedied  M' 
removing  the  cause  of  the  evil. 

The  spring  months  were  devoted  almost  exclusively  to  raising 
pure-bred  chicks,  and  with  the  stock  raised  this  3^ear  we  have  been 
able  to  replace  all  the  old  mongrel  stock  and  culls,  and  now  have 
for  the  first  time  all  our  pens  filled  with  first-class  breeding  stock 
which  adds  much  to  the  value  and  attractiveness  of  the  depart- 
ment. 

Numerous  enquiries  are  received  from  time  to  time  with  refer- 
ence to  construction  of  buildings,  feed  of  fowl,  diseases,  incubators, 
etc.,  all  of  which  are  answered  as  required. 
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HORTICULTUTAL  DEPARTMENT, 


Charles  Wilson,  Gardiner. 

Terapiirarily  in  Charge. 


ORNAMENTAL  SHRUB  CULTURE. 


In  all  fifty  deciduous  shrubs  have  been  tested  for  four  consecu- 
tive years.  This  year's  work  has  confirmed  the  results  of  the 
three  preceding  years.  Twelve  varieties  have  been  found  to  be 
hardy,  nineteen  semi-hardy  and  nineteen  worthless. 

HARDY. 

Berberis  Canadensis,  American  Barberry.* 

Berberis  Vulgaris,  European  Barberry.* 

Berberis  Vulgaris  purpurea,  Purple-leaved  Barberry.* 

Comus  Sanguinea,  Crimson  Dogwood.* 

Legustrum,  White-berried  Privet.* 

Ribes  aureum,  Yellow-flowering  Currant. 

Symphoricarpus  racemosus,  White  Snowberry.* 

Syringa  Caerulea  Superba,  Lilac. 

Syringa  Villosa. 

Syringa  Vulgaris,  Louis  Spath. 

Syringa  Vulgaris,  Princess  Alexandria. 

Viburnum  opulus  Sterilis,  Snowball. 

*  Those  starred  have  had  young  wood  slightly  winter  killed 
two  or  three  seasons,  but  not  sufficiently  to  interfere  seriously 
with  the  progress  of  the  shrub.  The  balance  do  not  suffer  in  the 
least  from  the  severity  of  winter  weather  and  will  probably  give 
good  results  throughout  the  State  where  the  altitude  does  not 
exceed  5,000  feet. 
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SEMI-HARDY. 

Berberis  Aquifolia^  Mahonia.* 

Elaeagnus  longipes,  Silver  Thorn.* 

Hydrangia  paniculata  grandiBora* 

Lonicera  Tartarica  grandWora^  Pink-flowering  Honeysuckle.* 

Lonicera  Tartarica  alba,  White-flowering  Honeysuckle.* 

Prunus  triloba,  Double-flowering  Plum. 

Pyrus  Japonica,  Japan  Quince,  Scarlet.* 

Pyrus  Japonica,  Japan  Quince,  Blush.* 

Rhus  glabra  laciniata,  Cut-leaved  Sumac* 

Sambucus  nigra  aurea,  Golden-leaved  Elder.* 

Spiraea  Van  Houttei. 

Syringa,  Garland.* 

Syringa,  Golden. 

Syringa,  Large-flowering. 

Tamarix. 

Viburnum. 

Syringa  rothomagensis. 

Saulbucus  nigra  laciniata.  Cut-leaved  Elder.* 

*  Young  wood  half  kills  back  each  winter.  While  this  occurs 
under  our  local  conditions  there  are  more  suitable  localities  in  the 
State  where  these  will  answer  well.  Those  not  starred  in  this 
group  do  well  here. 


SHADE  TREES. 


The  Russian  and  Carolina  poplars  have  given  the  best  results 
being  particularly  hardy.  The  former  is  a  fast  grower,  branching 
and  symmetrical  w^ith  large  leaves.  The  yellow  cottonwood  fol- 
lows these  two  closeW. 

Box  elders,  raised  from  seed,  are  hardy  and  growthy,  but  this 
does  not  seem  to  be  the  case  with  imported  stocks. 

Mountain  ash  has  proved  to  be  hardy  and  a  i>apid  grower  of 
good  shape. 

The  ash,  elm,  English  elder,  maple  and  burr  oak  have  proved 
to  be  worthless  unless  under  verv  favorable  conditions. 
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ROSES  AND  FLOWERS. 


Of  the  28  kinds  tried  only  two  are  hardy  so  that  the^'  can  be 
grown  without  covering.  These  are  the  Persian  yellow  and 
Magna  Charta.  The  former  produces  a  great  profusion  of  large 
yellow  roses. 

In  the  green  houses  30  varieties  of  chrysanthemums  and  20  of 
carnations  have  been  propagated.  These  lend  much  attractivenes 
to  the  place  and  are  a  source  of  income  as  there  is  a  great  demand 
for  them. 

EXPERIMENTS  IN  FRUIT  CULTURE- 


APPLES. 


The  varieties  given  below  have  been  set  in  the  orchard  most  of 
them  six  years,  and  the  bal^ince  four  and  five.  The  relative  hardi- 
ness of  these  has  now  become  a  certainty  and  much  more  has  been 
learned  this  year  regarding  their  bearing  capal)ilities  and  the 
quality-  of  the  fruit. 

HARDY. 

Anisette  Langfield 

BogdanofF  Number  Twelve 

Ben  Davis  Orel 

Duchess  of  Oldenburg  Okabena 

Gano  Roval  Table 

Gipsey  Girl  Thompson's  No.  10 

Good  Peasant  Voronesh 

Gideon  Wcalthv 

Hibernal  Yellow  Transparent 

Lead  3  N  Zuzoff 

These  kinds  have  all  came  into  bearing  with  good  results 
except  for  Orel,  the  fruit  of  which  fell  before  maturity. 

NOTES  ON  FRUIT. 

Longfieid* — Good  yielder,  medium  size,  medium  early  fall  apple. 
Wealthy. — Late  fall  or  winter,  big  yielder,  attractive  fruit. 
Qideon. — Late,  large  and  attractive. 
HlrbernaL — Good  yielder  of  large  greenish  red  fruit ;  winter. 
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CRABS. 

Bailey's  Crimson  Pride  of  Minneapolis 

Florence  Russet 

Greenwood  Transcendant 

Hyslop  Whitney  No.  20 

Martha  White  Arctic  - 
Orange 

All  these  are  now  in  bearing  and  may  be  classed  as  hardy 
.except  for  Whitney  and  Orange. 

Of  these  Transcendant  was  one  of  the  most  satisfactory^  being 
early  and  yielding  a  large  quantity  of  medium  sized  fruit. 

Whitney. — Also  produced  well  but  is  a  little  tender. 

Russet. — Ripened  early,  fruit  sweet  and  pear  shaped. 

Hyslop. — Has  been  a  continuous  bearer  for  three  years,  large 
quantity  of  medium  sized  fruit,  but  a  little  late. 

Bailey's  Crimson. — Good  yielder,  early  and  medium  size. 

Martiia. — Good  size,  medium  early. 

Pride  of  Minneapolis. — Small,  green,  sweetish,  medium  early. 

Orange. — Late  and  semi-hardy. 

PLUMS. 

Of  the  many  varieties  tried,  but  one,  the  Moldorka,  has  suc- 
ceeded in  ripening  fruit.  Two  trees  of  the  same  age  came  into 
bearing,  producing  30  pounds  of  large  blueish  fruit  which  ripened 

by  September  10th. 

STRAWBERRIES. 

Of  the  large  number  tried  in  the  original  tests  only  five  are 
recommended,  viz. :  Splendid,  Bisel,  Ivanhoe,  Crescent  and 
Bederwood.  Of  the  37  varieties  of  more  recent  introduction  only 
two  have  been  selected,  the  Wolverton  and  William  Belt. 

RASPBERRIES. 

The  Marlborough,  Hausel  and  Brandy  wine,  only,  have  given 
good  results  under  the  local  conditions.  The  former  freezes  back 
slightly,  but  yields  well.  The  two  latter  are  the  hardiest  and  are 
good  yielders  of  good  quality. 

Though  the  Clark  and  Gumer  freeze  back  they  produce  moder- 
ately well,  but  the  berries  are  soft  and  of  little  account. 

Columbian,  Early  King  and  Cuthbert  have  been  tried,  but 
freeze  dow^n  everj'  winter. 
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IRRIGATION  DEPARTMENT 


S.  FoRTiER,  Irrigation  Engineer. 


ONE  SOURCE  OF  WASTE  IN  IRRIGATION. 


In  Montana,  water  for  irrigation  is  conveyed  for  the  most  part 
through  channels  in  earth.  Ordinary  earth  is  porous  and  will  not 
retain  water  without  considerable  loss.  When  large  volumes  are 
carried  in  open  canals  over  long  distances  the  loss  or  waste  of 
iwater  from  this  one  cause  frequently  exceeds  one-fourth  of  the 
total  flow.  The  percentage  of  loss  varies  in  accordance  with  the 
physical  conditions.  In  retentive  clay  soils  the  seepage  loss  is 
usually  small.  On  the  other  hand  when  canals  are  located  around 
foothills  and  over  sandy  and  gravelly  benches  the  loss  is  usually 
great. 

In  the  absence  of  accurate  measurements  the  loss  in  convey- 
ance was  not  known.  Irrigators  were  aware  that  much  less 
water  was  available  at  their  respective  headgates  than  entered  the 
main  canal,  but  they  attributed  the  deficiency  largely  to  evapora- 
tion and  absorption  along  the  route.  The  water  that  seeped 
from  the  bottom  of  the  canal  could  not  be  seen  by  the  ditch  rider 
and  its  eflfects  were  not  always  apparent  on  the  land  bordering 
the  canal.  The  joint  efforts  of  this  Station  and  the  Department 
of  Agriculture  in  making  a  series  of  measurements  on  each  of 
several  typical  canals  in  the  State  and  publishing  the  results  have 
directed  general  attention  to  the  subject  of  the  seepage  loss  from 
canals. 


1 


i>8  MONTANA   EXPERIMENT  STATION. 

For  two  seasons  the  loss  due  to  seepage  on  several  of  the  large 
canals  of  the  State  has  been  ascertained.  The  following  table 
gives  in  brief  the  principal  results  : 

Total  Plow    Distance    Loss  Percentage  of 

Date.                                           at  Head.             in            in  total 

Sec.-Pt.          Miles.    Sec.-Ft.  Supply  Lost. 
Middle  Creek  Canal,  Gallatin  County. 

JiinelO,1899 98.9               4             21.5  217 

"     27,11KX) 63                   4             12.2  19.4 

Farmers'  Canal,  Gallatin  County. 

July  ;3C),  liXK) 133.1  10^4         23.59  17.71 

West  Gallatin  Irrigation  Canal,  Gallatin  County. 

July  18,  19(K) 114.45  38^         38.93  34 

The  Big  Ditch,  Yellowstone  County. 

August  9-13,  1900 254.47  22  65.05  25.55 

The  Republican  Canal,  Ravalli  County. 

July  21  24, 1900 120.49  12  1-5      .38.84  31.32 


AN  EQUITABLR  DIVISION  UNDER  CO-OPERATIVE  CANALS. 


While  enormous  \nelds  can  be  produced  under  irrigation  the 
system  is  not  without  its  drawbacks.  One  of  these  is  the  difficulty 
encountered  in  dividing  water  equitablj'  among  a  large  number  of 
shareholders.  In  average  A^ears  water  is  fairlj'  abundant  in  this 
State,  but  owing  to  a  light  snowfall  for  two  winters  in  succession 
the  water  supply  has  been  deficient  in  many  sections.  The  diffi- 
culty has  been  aggravated  in  not  having  proper  headgates  and 
measuring  boxes.  The  division  of  water  is  usually  based  on  the 
wild  guesses  of  the  water  master. 

So  long  also  as  the  loss  in  conveyance  was  not  even  approxi- 
mately known  it  was  impossible  to  give  each  user  his  proper  share. 
The  irrigation  department  of  the  Experiment  Station  has  begun  a 
good  work  in  determining  for  the  canal  owners  the  percentage  of 
loss  in  their  canals  and  devising  suitable  methods  by  which  the 
flow  through  each  farmer's  headgate  ma^'  be  controlled  and 
measured.  Measuring  devices,  including  both  weirs  and  rating 
flumes,  have  been  built  under  the  supervision  of  the  Station  officers 
in  different  cultivated  valleys  of  the  State  for  the  purpose  of  intro- 
ducing more  modem  methods. 
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THE  USE  OF  WATER  IN  IRRIGATION, 


For  the  past  two  seasons  experiments  have  been  carried  on  by 
this  Station  in  co-operation  with  the  Office  of  Experiment  Stations 
at  Washington,  D.  C,  to  ascertain  the  actual  quantities  of  water 
used  in  irrigation.  Without  this  knowledge  it  would  be  impossible 
to  reach  any  definite  conclusions  as  to  the  agricultural  possibilities 
of  any  irrigable  tract  of  land.  One  might  know  the  amount  of 
the  available  water  supply  and  the  extent  of  the  land  to  be  irri- 
gated, but  if  he  did  not  know  the  average  amount  of  water  that 
should  be  applied  per  acre,  the  number  of  acres  that  might  be 
reclaimed  by  the  flow  of  a  stream  could  not  be  determined. 

In  like  manner,  w^hen  a  storage  reservoir  is  to  be  built  it  is 
important  to  know,  before  the  enterprise  is  begun,  how  much  land 
a  given  quantity  of  water  will  irrigate.  It  is  comparatively  easy 
to  obtain  the  capacity  of  the  reservoir  before  any  construction 
work  is  done,  but  if  no  tests  have  been  made  in  the  vicinitj"  on  the 
amount  of  water  required  per  acre  the  area  which  the  stored 
water  will  irrigate  can  only  be  roughly  estimated. 

Then,  too,  one  of  the  first  steps  necessary  in  defining  a  water 
right  is  to  ascertain  the  amount  of  water  economically  used.  One 
of  the  greatest  difficulties  experienced  by  the  courts  in  settling 
water  rights  is  the  lack  of  knowledge  on  this  particular  subject.  The 
following  table  contains  a  brief  summar3'  of  the  more  important 
investigations  on  the  use  of  water  in  irrigation  : 

Duty  of  Water  in  1899. 


Yield 


Kind 

Name 

of 
County. 

Area 

Irrigated 

Acres. 

Depth  of  Water. 

Water*  Applie<l 

per  Acre. 

Tons. 

No  of 

of 
Crop. 

Irngn- 
tion. 

1 
Rain. 

.44 
.41 
.42 
.42 
.41 
.38 
.36 
.36 
.44 

Total. 

Irriji?a 
tions. 

Red  Clover . 

Peas 

Barley 

Wheet 

Barley 

Oats 

do 

do  

do 

Gallatin 
do 
do 
do 
do 
do 
do 
do 
do 

27.44 
4.23 
5.20 
6.02 

66.39 

23.41 
7.26 
2.48 

25.09 

1.02 
1.10 
1.98 
1.98 
.98 
1.53 
1.34 
2.16 
1.28 

1.46 
1.51 
2.40 
2.40 
1.39 
1.91 
1.70 
2.52 
1.72 

1386.8 

1495.6 

2692.05 

2692.05 

1.332.4 

2080.2 

1821.9 

2936.8 

1740.3 

2 
2 
2 
2 
1 
1 
2 
2 
1 

por 
Acre. 


3.0  tons. 
31 .  25  bu. 
45.00  bu. 
57.89  bu. 

51.00  bu. 
72.75  bu. 
72 .  75  bu. 


Not  includiDK  Rainfall. 
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Kind 

of 
Crop. 


Red  Clover. 

Barley 

Oats 

Wheat 

Red  Clover. 

Oats 

Peas 

Barley  ...... 

Oats 

Barley 

Red  Clover . 
Red  Clover. 

Alfalfa 

Orchard  . . . 

Oats 

Oats 


Duty  of  Water  in  1900. 


Deptl 

li  of  Water. 

Name 

.\rea 
Irrigated 

of 

Irriga- 
tion 
Ft. 

County. 

Acres. 

Rain 
Ft. 

.44 

Total 
Ft. 

Gallatin 

66.39 

1.98 

2.42 

do 

4.14 

1.50 

.28 

1.78 

do 

25.09 

.64 

.39 

1.03 

do 

1.00 

.77 

.30 

1.07 

do 

1.00 

.77 

.30 

1.07 

do 

1.00 

.56 

.39 

.95 

do 

1.00 

.56 

.39 

.95 

do 

1.00 

1.17 

.28 

1.45 

do 

8.51 

1.39 

.40 

1.79 

do 

4.42 

1.96 

.42 

2.38 

do 

7.26 

2.70 

44 

3.14 

do 

35  90 

1  79 

44 

2.22 

Yellowstone 

53  40 

1.30 

44 

1.74 

RavaUi 

40.00 

1.46 

.13 

1.59 

do 

161.70 

1.30 

.13 

1.43 

do 

102.2 

6.06 

.13 

6.19 

Water 

Applied 

per  Acre. 

Tons.f 


3290.3 
2420.2 
1400.4 
1454.8 
1454.8 
1291.6 
1291.6 
1971.5 
2433.9 
;^236.0 
4269.2 
3018.3 
2365.8 
2161.9 
1944.3 
8416.0 


No.  of 
Irriga- 
tions. 


♦  .Vbout  two-fifths  irrigated  on  second  irrigation,     t  Irrigation  water. 


2 

2 

2* 

2 

2 

2 

2 

2 

2 

2 

4 

3 

1 

4 

2 

2 


Yield 

per 

Acre. 


46.5  bu. 

38.33'bu.' 
1 .  58  tons. 

75.58  bu. 
1,330  lbs, 
87.29  bu. 
74.67  bu. 

68.59  bu. 
5.02  tons. 

5.17  tons. 

33^37'bu.' 
34.03  bu. 


THE  AMOUNT  OF  WATER  REQIJIRED, 


In  the  spring  of  1900,  a  tract  of  land  on  the  western  edge  of 
the  Station  farm  was  set  apart  for  experiments  on  the  proper 
amount  of  water  to  apply  in  irrigation.  Sixteen  rectangular  plats 
50x100  feet  were  laid  off,  with  an  intervening  space  between  every 
two  plats.  A  flume  (Fig.  1)  extended  along  the  west  edge  of  the 
row  of  plats  and  conveyed  water  from  the  nearest  ditch  to  each 
plat.  The  amount  of  water  applied  to  any  one  plat  was  measured 
by  a  weir  box  at  the  head  of  the  flume. 

All  plats  were  seeded  to  oats  May  21,  1900,  at  the  rate  of  two 
bushels  of  seed  per  acre.  On  May  30  the  percentage,  by  weight,  of 
soil  moisture  in  the  upper  two  feet  of  soil  over  the  entire  number 
of  plats  ranged' from  17.29  to  20.95  and  averaged  18.95  percent. 
The  following  table  gives  the  results  obtained  on  plats  No.  1  to  8, 
inclusive.  Plat  No.  1  was  not  irrigated,  but  it  received  some 
moisture  from  an  adjacent  ditch. 
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Dejpth  of 

Irrigation 

in 

Inches. 

Yield  per  Acre. 

Yield  per  Acre 

of 

Grain  and  Straw 

Tons. 

No.  of  Plat. 

Grain 
Bushels. 

Straw 
Pounds. 

1 : 

0 
2 

8 

9 

12 

16 

.     20 
24 

46.1 
61.7 
68.2 
73.5 
74.8 
78.2 
77.6 
83.5 

1655 
2346 
2823 
2988 
3075 
3398 
3284 
3215 

1.61 

2 

2.29 

3 

2.57 

4 

2.74 

5 

2.81 

6 

3.03 

7 

2  96 

8 

3.03 

Water 

Used  per 

.Acre. 

Tons. 

No.  Tons 

Water  Applied 

for  Each  Ton 

Produce. 

227 

99 

906 

353 

1020 

372 

1360 

484 

1813 

599 

2266 

765 

2719 

898 

DISCHARGE  OF  THE  PRINCIPAL  RIVERS  OF  HONTANA. 


For  several  years  the  irrigation  department  of  the  Station  has 
supervised  and  conducted  the  hydrographic  work  of  the  U.  S. 
Geological  Survey  in  Montana.  Gaging  stations  are  established 
and  maintained  at  favorable  locations  on  the  principal  rivers  of 
the  State  and  measurements  made  of  the  flow  at  each  station 
from  four  to  twelve  times  during  each  year.  An  observer  residing 
near  the  gaging  station  observes  and  records  the  height  of  water 
at  least  once  a  day.  These  records  are  mailed  to  the  Experiment 
Station  and  are  forwarded  from  thence  to  Washington,  D.  C.  The 
data  obtained  from  a  number  of  stream  measurements,  together 
with  the  daily  records  of  the  observer,  enable  the  engineer  to  com- 
pute with  reasonable  accuracy  the  daily  flow,  oV  discharge, 
throughout  the  year.  The  records  for  the  year  1900  have  been 
thus  computed  and  are  herein  given  for  the  following  rivers :  Yel- 
lowstone, Gallatin,  West  Gallatin,  Middle  creek,  Madison,  Jeffer- 
son, Missoula,  Big  Blackfoot,  Bitter  Root  and  Milk  river.  It 
should  be  observed  that  when  ice  forms  on  the  surface  of  a  stream 
neither  the  gage  heights  nor  the  flow  can  be  accurately  determined. 
In  the  accompanying  tables  the  discharges  are  given  in  cubic  feet 
per  second.  Since 40  Montana  miners*  inches  are  equivalent  to  one 
cubic  foot  per  second  the  flow  may  be  converted  into  miners*  inches 
by  multiplying  the  figures  given  by  the  number  40. 
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Daily  Discharge  of  /ladiAon  River,  Nea 

(including  Clit 

it,  for 

1900. 

1 

Dy.  Jan. 

F«b. 

Mar. 

Apr. 

May 

June 

July 

Auk. 

S«»pt. 

Oct. 

1 
Nov. 

Dec. 

1 

2 
3 

■  '(aV " 

(a) 

8G0 
860 
.  860 
1430 
1430 
1430 
1640 
1430 
1430 
1430 
14:J0 
1430 
14:^ 
1430 
1535 
1640 

30U5 
3045 
4040 
4040 
4173 
3775 
3908 
4040 
4173 
4;i05 
4624 
4840 
5110 
484(1 
4438 
4173 
3775 
3645 
32()0 
3515 
3593 

:mb 

3645 
3960 
4173 
4570 
5110 
5380 
5655 
5655 
5518 

4840 

4305 

5110 

5110 

5326 

5380 

5380 

5110 

5110 

5110 

4840 

4705 

4040 

3775 

3515  i 

3260 

4305 

2648 

25.30 

2300 

2300 

2300 

2188 

2075 

2075 

2075 

2075 

2075 

2075 

2075 

2075 
-^75 
1963 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1S50 
1850 
1850 
1640 
1640 

1640 
1640 
1640 
1640 
1040 
KUO 
1640 
1640 
1745 
ia30 
1850 
1850 
1745 
1640 
1640 
1640 
1640 
1640 
KUO 
1640 
1640 
1()40 
1040 
1640 
1040 
1040 
1640 
1040 
1040 
1040 
1040 

1640 
1040 
1040 
1640 
1040 
1040 
1040 
1040 
1040 
1040 
1850 
1850 
1040 
1040 
1040 
1040 
1040 
1040 
1040 
1040 
1640 
1040 
1040 
1040 
1040 
1850 
1850 

I85n 

1850 
1850 

1850 
1850 
la'X) 
1850 
1850 
18)0 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
18o0 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 
1850 

ia50 

1850 
1850 
1040 
1640 
1040 
1040 
1040 
1040 
1040 
1040 
1040 
1040 
h'AO 
1040 
1040 
1040 
1040 
1040 
1040 
1040 
1040 
1040 
1040 
1040 
1040 
1040 
1040 
1040 
1040 

1040 
1040 
1040 

4 

(a) 

1040 

5 

1640 

6 

1640 

7 

1640 

8 
9 

(a) 

860 

1040 
1040 

10 

1040 

11 

(a) 

104n 

12 
13 
14 
15 
16 
17 
18 
10 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

1 

1 

1040 

! 

104C 

\ 

1040 

(a)    860 

KMO 
1040 

1745 
1850 

1040 

(a) 

1040 

1850 
1850 
1850 
2075 
2300 
2530 
2530 
2530 
2530 
2530 

1040 

1040 

1()40 

"(ay"'"866' 

1040 
1640 

i 

1 

ICAO 

(a, 

( 

1040 

1 

1640 

1 

1040 

'■****i 

1 

1040 

860 

2530 

1040 

2577 

! 

(a)  Ice. 


^ 
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Daily  Discharge  of  West  Gallatin  River,  in  Second-feet,  for 

1900. 

By. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct, 

Nov. 

Dec. 

1 

700 

560 

500 

630 

1200 

4165 

1300 

560 

.440 

560 

500 

330 

2 

700 

560 

500 

700 

1300 

3610 

1300 

560 

440 

560 

500 

33a 

3 

700 

560 

500 

700 

1460 

4570 

1105 

560 

440 

500 

500 

358 

4 

700 

560 

500 

700 

1745 

4900 

935 

580 

560 

560 

500 

385 

5 

700 

630 

500 

775 

1995 

4985 

935 

580 

560 

560 

500 

440 

6 

700 

630 

500 

850 

2610 

5410 

935 

500 

560 

560 

500 

440 

7 

700 

630 

500 

1020 

2327 

4827 

935 

500 

560 

560 

500 

44a 

8 

a30 

630 

500 

850 

2465 

4325 

935 

500 

530 

500 

500 

385 

9 

630 

630 

500 

775 

2610 

4405 

935 

500 

440 

500 

500 

385 

10 

630 

630 

500 

775 

3223 

4165 

850 

500 

440 

500 

500 

385 

11 

630 

630 

5p0 

775 

4005 

4652 

850 

500 

440 

500 

440 

3a5 

12 

630 

440 

500 

775 

4005 

3145 

850 

500 

385 

500 

385 

385 

13 

630 

440 

500 

775 

3223 

3223 

775 

500 

440 

500 

440 

3a5 

14 

h30* 

440 

500 

775 

2835 

3223 

775 

500 

440 

500 

440 

385 

15 

560 

440 

500 

775 

2760 

3533 

775 

500 

500 

500 

440 

3a5 

16 

560 

440 

500 

850 

2610 

3145 

700 

500 

440 

500 

440 

358 

17 

560 

440 

500 

775 

2610 

2835 

700 

518 

440 

500 

440 

330 

18 

560 

440 

500 

850 

2685 

2610 

700 

500 

500 

385 

330 

19 

560 

440 

500 

935 

2395 

2685 

700 

500 

500 

500 

330 

330 

20 

560 

440 

5(X) 

1002 

2535 

2760 

700 

500 

500 

500 

280 

330 

21 

560 

560 

500 

1200 

2610 

28:35 

630 

500 

500 

385 

280 

330 

22 

560 

560 

500 

1  ia52 

2990 

2685 

700 

500 

440 

440 

330 

330 

23 

560 

560 

500 

'  1.572 

3067 

2685 

630 

500 

560 

500 

330 

330 

24 

560 

560 

50() 

1250 

3377 

2685 

630 

518 

500 

500 

330 

358 

25 

560 

560 

500 

'  1105 

.3533 

1995 

680 

518 

500 

500 

330 

358 

26 

560 

560 

500 

1200 

4325 

1995 

630 

560 

500 

500 

330 

sao 

27 

560 

560 

500 

1200 

5155 

1630 

665 

530 

500 

440 

330 

330 

28 

560 

500 

500 

1300 

5410 

1405 

630 

530 

560 

385 

330 

330 

29 

560 

630 

1300 

4652 

1405 

560 

530 

500 

385 

330 

330 

30 

560 

630 

1200 

4652 

1300 

616 

500 

518 

440 

330 

330 

31 

560 

630 

4005 

630 

440 

440 

320 

ANNUAL  REPORT. 


63 


Daily  Discharge  off  /ladison  River,  Near  Red  Bluff,  in  Second  Feet,  ffor  1900. 

(including  Cherry  Creek) 


DyJJan.l    Feb. 


1 

2 
3 
4 
5 
6 
i 

8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
10 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
3] 


Mar. 


Apr. 


(a) 


(a) 


1(a) 


(a) 


(a) 


(a) 


(a) 


860 


(a) 


860 


(a) 


860 


860 


860 
860 
860 
1430 
1430 
1430 
1640 
1430 
1430 
1430 
1430 
1430 
14H0 
1430 
1535 
1640 
1745 
1850 
1850 
1850 
1850 
2075 
2300 
2530 
2530 
2530 
2530 
2530 
2530 
2577 


May 


June    I    July    I    Au^. 


Sept.  '     Oct.      Nov. 


Dec. 


3005 

4840 

2075 

1640 

1640 

1850 

1850 

1640 

3045 

4305 

2O75 

1640 

1640 

1850 

1850 

1640 

4040 

5110 

1963 

1640 

1640 

1850 

1850 

1640 

4040 

5110 

1850 

1640 

1640 

1850 

1640 

1640 

4173 

5326 

1850 

1640 

1640 

1850 

1640 

1640 

3775 

5380 

1850 

1(>40 

1640 

18)0 

1640 

1640 

3908 

5380 

1850 

1640 

1640 

1850 

1640 

1640 

4040 

5110 

1850 

1640 

1640 

1850 

1640 

1640 

4173 

5110 

1850 

1745 

1640 

1850 

1640 

1640 

4;^5 

5110 

1850 

1850 

1640 

1850 

1640 

1640 

4624 

4840 

1850 

1850 

1850 

1850 

1640 

164<) 

4840 

4705 

1850 

1850 

1850 

1850 

1640 

1640 

5110 

4040 

1850 

1745 

1640 

1850 

1640 

164C 

4840 

3775 

1850 

1640 

1640 

1850 

1640 

1640 

4438 

3515  i 

1850 

1640 

1640 

1850 

1640 

1(>40 

4173 

3260 

1850 

1640 

1640 

1850 

1640 

1640 

3775 

4305 

1850 

1640 

1640 

1850 

1640 

1640 

3645 

2r>48 

1850 

1640 

UUO 

I80O 

1640 

1640 

3260 

2530 

1850 

lf)40 

1640 

1850 

1640 

1640 

3515 

2300 

1850 

1640 

1640 

1850 

1640 

1640 

3593 

2300 

1850 

1640 

1640 

1850 

1640 

1640 

3515 

2300 

1850 

1640 

1640 

1850 

1640 

1640 

3645 

2188 

1850 

1640 

1640 

1850 

1640 

1640 

3960 

2075 

1850 

1640 

1640 

1850 

1640 

1640 

4173 

2075 

1850 

1640 

1640 

1850 

1640 

1640 

4570 

2075 

1850 

1640 

1850 

1850 

1640 

1640 

5110 

2075 

1S50 

1640 

1850 

1850 

1040 

1640 

5380 

2075 

1850 

1640 

1850 

1850 

1640 

1640 

5655 

2075 

1850 

1640 

1850 

la^o 

1640 

1640 

5655 

2075 

1640 

1640 

1850 

1850 

1640 

5518 

1640 

1640 

1850 

(a)  Ice. 


'•  '  1'.  '■ 


^s'^,, 


,A 


•V 


)/  <     .V- 


1 
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MONTANA   EXPERIMENT  STATION. 


Daily  Discharge  of  Jefferson  River,  at  5appin)|:ton,  in  Second  Feet,  for 

1900. 

Dy. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

Juue 

July 

Auk. 

I  Sept. 

Oct. 

Nov. 

I>ec. 

1 

(a) 

(a) 

(a) 

(a) 

(a) 

(a) 

(a) 

(a) 

(a) 

2325 

2020 

20:20 

2020 

1870 

1870 

1870 

1725 

1870 

2020 

2020 

2170 

2170 

2325 

2485 

2485 

2185 

2405 

2248 

2n20 

1870 

1870 

2020 
2170 
2565 
2810 
2980 
3150 
3330 
a330 
3330 
3065 
2810 
2645 
2645 
2645 
2645 
2810 
2810 
2810 
2810 
2980 
2^)80 
3150 
33:31) 
3420 
361X3 
3090 
3S70 
3870 
3870 
3870 

3870 
3870 
4050 
4140 
4410 
4688 
5058 
5248 
5613 
5985 
a365 
6850 
8050 
8665 
8973 
9075 
8773 
a358 
8050 
7740 
7445 
7350 
6948 
6850 
6a^.5 
6558 
64()0 
6460 
6655 
6160 
6175 

5890 
5705 
5520 
5705 
5890 
4050 
5705 
5705 
5a35 
5150 
4965 
4410 
4050 
4050 
3870 
3690 
3870 
4050 
42:30 
4410 
3870 
3420 
2810 
2645 
2485 
2325 
2170 
201  »5 
2020 
2020 

1870 

1725 

1590 

1590 

1455 

1455 

1455 

1455 

1325 

1325 

1205 

1205 

1205 

1090 

980 

875 

<  to 

775 

685 

685 

685 

685 

685 

685 

685 

600 

609 

GOO 

600 

600 

600 

600 
600 
600 
515 
515 
515 
515 
515 
515 
515 
515 
515 
515 
515 
515 
515 
515 
515 
515 
515 
515 
515 
515 
515 
515 
515 
475 
475 
475 
515 
515 

515 
515 
515 
515 
600 
600 
600 
600 
600 
685 
685 
685 
685 
685 
685 
685 
685 
775 
825 
875 
875 
875 
875 
875 
875 
9S0 
980 
980 
980 
980 

1090 
1205 
1265 
1364 
1455 
1495 
1455 
1455 
1455 
1455 
1455 
1455 
1325 
1325 
1325 
1325 
1325 
1325 
1205 
1205 
1205 
1205 
1325 
1325 
1325 
1455 
1455 
1455 
1455 
1455 
1590 

1590 

1590 

1590 

1590 

1590 

1455 

1455 

1455 

1455 

1455 

1455 

1455 

1455 

1455 

1455 

1455 

1455 

1455 

1455 

1455 

1455 

1455 

1455 

1455 

1455 

1455 

1455. 

1455 

1590 

15W 

1590 

2 

1590 

3 

1590 

4 

1590 

5 

1725 

6 

1725 

7 

1725 

8 

1725 

9 

1725 

10 

1725 

11 

1725 

12 

1590 

13 

1590 

U 

1590 

15 

1590 

16 

1590 

17 

1455 

18 

1 455 

19 

1455 

20 

1455 

21 

1455 

22 
23 

' 

1455 
1455 

:H 

1455 

*^5 

1455 

26 

1455 

27 

1455 

28 

1325 

29 

1325 

:^o 

1325 

31 

1325 

(a)  Ice. 
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Daily  Discharge  of  Gallatin  •  River,  at  Logan,  in  Second-Feet,  for  1900. 


i>y. 

Jan. 

Feb. 

Mar. 

Apr. 

»  May 

June 

July 

1 

Auff. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

940 
940 
940 
940 
940 
940 

mo 

940 

940 

940 

940 

940 

940 

940 

1030 

1U30 

1030 

1575 
1575 
1038 
1950 
1950 
2210 
1-665 
2505 
2C()5 
3078 
3595 
4055 
4240 
3415 
3243 
2995 
2995 
2995 
2995 
2995 
2i)95 
•2995 
2995 
3078 
:^05 
;^685 
43JW 
4805 
4805 
4055 
4240 

3870 
3870 
4240 
4240 
4333 
4615 
4520 
4055 
3685 
3415 
2585. 
2210 
2210 
2013 
1763 
1575 
1575 
1460 
1235 
1235 
1080 
1030 
1030 

io;jo 

940 
940 
850 
76"» 
680 
(505 

605 
530 
530 
460 

4m 

460 
460 
460 
400 
345 
345 
290 
240 
240 
240 
240 
240 
240 
'J40 
210 
240 
240 
•.'40 
240 
240 
240 
290 
290 
21K) 
2iK) 
•290 

290 
290 
290 
•290 
2i)0 
290 
290 
345 
345 
345 
345 
345 
345 
345 
345 

:U5 

345 
345 
345 
345 
345 
Mo 

:M5 

345 
345 
400 

400 
400 
4tK) 
40O 
400 

400 
400 
4()0 
4(>() 
460 
4(>0 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
o30 
530 
5M0 
530 

530 
53(^ 
5.30 
5:30 
530 
5:30 
5.30 
5:30 

530 
530 
530 
605 
643 
680 
680 
080 
605 
605 
605 
605 
605 
605 
(K)5 
605 
605 
605 
605 
605 

mo 

605 
605 

mo 
mo 

605 
605 
(i05 

oai 

605 
605 

605 
605 
605 
605 
605 
605 
6U5 
605 
605 
605 
605 
605 
605 
605 
605 
605 
605 
723 
895 

io;30 

1080 
1030 
940 
850 
765 
680 
680 
680 
(580 
680 

680 

2 

680 

3 

765 

680 

4 

►-* 

G 

7  1 

8 

9 
10 
11 
12 
13 
14 
15 

680 

(580 

680 

1030 

1345 

680 
680 

686 

850 

605 

605 

605 

605 

••»■•« 

(a) 

940 

605 
605 

16 
17 

"m)' 

X 

605 
605 

18 

1130 
1130 
1130 
1130 
1 130 
1345 

(505 

19  J 

(•)05 

20^ 

605 

21 

22 

(a) 

1030 

6a5 
605 

23 

* 

(5a5 

24 

1030 

1460 
1575 

(505 

25 

'•••••. 

(505 

2r> 

1038 
1575 
1575 
1575 
1575 

fi05 

27 

605 

28 
29 

1 

1080 

850 

605 

(505 

3() 

(a) 

31 

1030 

(a) 

(ft)  Ice. 
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MONTANA  EXPERIMENT  STATION. 


Dally  Discharge  of   Yellowstone   River,   above  Livingston,  In  Second-Feet, 

for  1900. 


Dy. 


3 

4 

^ 

:) 

6 
7 
8 
\) 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
2(J 
27 
28 
20 
30 
31 


Jan.   Feb.   Mar. 


Apr. 

May 

June 

July 

Auk. 

S«pt. 



1380" 

"i42lV 


'i.340' 

•  ••••• 

(a 
(a) 
(a) 
(a) 

(a) 
(a) 
(a) 
(a) 

(a) 
(a) 

(a) 

(a) 
(a) 
(ai 
(a) 
(a) 

(a) 
(a) 

(a) 
(a) 
1340 

(a) 
(a) 
(a) 
(a) 

(a) 

(a) 

(ai 

1340 

■     •      •      «      ■ 

126i) 

•     •     •      ■ 

' 1340 1 


1265 
1340 
1420 
15(10 
1500 
1500 
1670 
1950 
1850 
1585 
1585 
1585 
1585 
1628 
1628 
1585 
1585 
1585 
1670 
1950 
2150 
2,375 
2923 
2605 
2605 
2490 
2375 
241 K) 
:i60.) 
26(3 


12(55  , 


I   IT 


2490 
♦J855 
:^060 
4075 
4739 
5980 
5740 
562S 
6920 
8970 
lt)373 
11540 
9140 
7215 
5980 
59:W 
6420 
()220 
5670 
5860 
6170 
6600 
7070 
7550 

79:w 

99.55 
12485 
14'K0> 
i:i;J75 
11450 
10(560 


10660 
11540 ' 
12*85  I 
12975  1 
13725  i 
15080 
15363 
1,3375 
14530 
11345 
10875 
104,55 
102,50 
11773 
12730 
12485 
121,50 
11090 
10660 
L1090 
HOIK) 
11315 
IH1O5 
1US73 
10170 
986'.) 
9245 
8570 
8150 
7935 


7270 
6945 
6600 
6470 
6220 
598(  > 
5812 
5' 75 
,5.".J5 
5;;  15 
5165 
50a5 
4a30 
4690 
4630 
4495 
4345 
4.305 
4250 
4160 
4075 
4040 
3900 
3815 
3730 
.37:30 
,37.30 
.3(r)5 
.'3575 
3500 
,3420 


31395 
3270 
,3240 
31,30 
3060 
,3060 
2990 
2990 
2923 
2855 
2790 
2725 
2725 
2665 
2665 
2605 
2.548 
2490 
2490 
2433 
24133 
24.33 
2:375 
2375 
2375 
2:375 
2318 
2.318 
2260 
22(r) 
2150 


2100 
2100 
2050 
20.50 
2050 
2050 
2000 
2000 
19.50 
19,50 
1900 
1900 
1900 
1900 
1850 
1823 
1805 
1805 
1850 
18,50 
1805 
1805 
1760 
1760 
1760 
17:33 
1715 
1715 
1715 
1715 


Oct.   Nov. 


715 
733 

760 
733 
715 
715 
715 
688 
670 
645 
628 
585 
5a5 
585 
.i45 
585 
585 
585 
585 
545 
5S5 
545 
585 
.585 
545 
545 
545 
545 
545 
500 
500 


1500 
1500 
1500 
1500 
1500 
1500 
1475 
1460 
1460 
1420 
1.355 
1.340 
1395 
1420 
1.380 
1460 
1395 
1,305 
(a) 
(a) 
(a) 
(a) 
(a) 
1190 
1205 
1340 
1380 
1340 
1265 
1265 


Dec. 


13a5 
13,55 
1.340 
1340 
1340 
1340 
1.340 
1340 
1,340 
1,340 
1340 
1:340 
lliX) 
12&5 
1265 
VXo 
1265 
120,i 
12a5 
1265 
12(35 
1265 

ii26 
1190 
11.55 
1!55 
1030 
.  ia30 

I 

I  _ 
;   (a) 


(u)  ice. 
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Dally  Dl8cliars:e  of  Milk  River,  at  Havre,  In  Second- Feet,  for  1900. 


Dy. 


JaD. 


Feb. 


Mar. 


Apr. 


May 


1 

2 
3 
4 
5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

i 



1 

485 

485 

1 

840 

587 

587 

15 

1 

485 

16 

1 

438 

17 

1   '    ' 

! 

315 

18 
19 

396 

1 

280 

2C 

! \ 

1 

280 

?.l 

280 

22 

1 

280 

23 

1 

280 

24 

1 

355 

25 

438 

:*.> 

438 

-n 

280 

?s 

29 
30 
31 

355 



280 

315 

1 

June   July 


Auflr.   Sept.   Oct. 


355 
438 
396 
315 
280 
248 
216 
189 
189 
169 
149 
129 
149 
149 
189 
820 
1575 
1205 
880 
640 
587 
760 
587 
485 
438 
3% 
355 
280 
315 
280 
315 


355 
315 
280 
216 
216 
216 
216 
189 
189 
UM 
149 
149 
129 
129 
129 
129 

I2y 

149 

109 

109 

109 

109 

109 

91 

91 

109 

91 

91 

91 

76 


76 
76 

63 
63 
50 
50 
6:3 
76 
91 
50 
50 
39 
39 
39 
39 
;J9 

;^ 

30 
30 
21 
21 
21 
21 
21 
30 
21 
21 
21 


21 

12 

12 

12 

12 

12 

12 

8 

8 

8 

12 

2:32 

20.5 

149 

109 

76 

()3 

39 

30 

30 

21 

21 

12 

12 

12 

12 

12 

12 

12 

12 

30 


'^z. 


.'JO 
12 
12 
12 
39 

:io 

50 

76 

91 

109 

149 

149 

149 

76 

76 

6.3 

as 

63 
63 
63 
76 
109 
109 
91 
76 
76 
76 

6:^ 

63 

76 


Nov.  Doc. 


76 
76 
91 
109 
149 
355 
:i55 
280 
248 
216 
189 
189 
169 
169 
248 
280 
315 
280 
248 
216 
216 
149 
149 
129 
129 
129 
129 
129 
129 
109 
109 


129 
129 
129 
109 

m) 

109 
109 
109 
109 
76 
68 
109 
149 
109 
169 
(a) 
(a) 
(a) 

(a) 
(a) 

(a) 
(a) 

(a) 
(a) 

(a) 
(a) 
(a) 
(a) 
(a) 
(a) 


(a) 
(a) 
(a) 
(a) 

(a) 
(a) 
(a) 

(a) 
(a) 

(a) 
(a) 
(a) 
(a) 
<a) 
(a) 

(a) 
12 
12 
12 

12 
12 
30 

(a) 
(a) 
(a) 
(a) 
(a) 
(a) 
(a) 
(a) 
(a) 


(a)  Ice. 
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MONTANA  EXPERIMENT  STATION. 


Daily  Discharge  of   Middle   Creek,   above  Flander'5  Mill,  in  5econd-Feet, 

for  1900. 


bay 

June   July 

Auff. 

Sopt. 

Oct.  1 

Day 

1 

June 

July 

1.... 

118 

66 

48 

48 

16.... 

88 

0 
•'•... 

118 

m 

48 

48 

17... 

•  •  ■  «  •  ■ 

88 

3.... 

88 

m 

48 

48 

18.... 

:J32 

88 

4.... 

88 

m 

48 

48 

19.... 

192 

88 

5 

118 

88 

48 

48  1 

20.... 

232 

88 

C... 

88 

G6 

48 

48 

I'l.... 

321 

66 

< 

88 

66 

48 

48 

22.... 

232 

66 

8.... 

118 

66 

48 

48 

23.... 

368 

m 

0.... 

■••••• 

118 

66 

48 

48 

24.... 

232 

m 

10.... 

118 

57 

48 

48 

25... 

232 

88 

11.... 

118 

57 

48 

48 

26.... 

192 

m 

12....  i 

88 

55 

48 

48 

27 ... . 

192 

66 

13.... 

88 

53 

48 

48 

28.... 

192 

1   88 

U.... 

88 

53 

48 

29.... 

im 

,   66 

15.... 

118 

51 

48 

30.... 
31... 

118 

'   66 

66 

51 
51 
51 
51 
51 
51 
50 
50 
50 
50 
50 
50 
50 
50 
48 
48 


48 
48 
48 
50 
50 
50 
48 
48 
48 
48 
48 
48 
48 
48 
48 
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Daily  Discharge  of  Bitter  Root  River,  Near  ilissoula,  in  Second-Feet,  for  1900. 


Dy. 

1 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

1 

Oct, 

Nov. 

Dec. 

1 

1255 

1255 

1930 

7210 

3570 

1 
950 

1080 

1165 

1880 

1123 

'2 

1165 

12o5 

2040 

7355 

3260 

950 

1080 

1080 

1930 

1123 

3 

1123 

1255 

2540 

6400 

8100 

3110 

930 

1010 

1080 

1930 

1123 

4 

1123 

1165 

910 

3035 

7070 

9000 

2680 

910 

950 

1165 

1730 

1123 

5 

1165 

1045 

930 

3570 

8700 

9600 

2540 

890 

950 

1165 

ia35 

1165 

6 

iia5 

1010 

930 

3810 

9600 

10200 

2475 

870 

1010 

1123 

1635 

1165 

11G5 

980 

980 

3975 

10800 

10650 

2475 

870 

1045 

1165 

1445 

1255 

8 

1165 

950 

1045 

3730 

10500 

93(j0 

2475 

870 

1045 

1210 

1350 

1350 

9 

1123 

950 

1080 

3490 

9750 

8700 

2280 

870 

1010 

1210 

1540 

1255 

10 

1080 

980-^ 

1U80 

3410 

10950 

7800 

2220 

870 

1010 

1165 

1350 

1255 

11 

1080 

i^) 

1255 

a^35 

12650 

6400 

2220 

870 

1010 

1165 

1255 

1165 

12 

1123 

(a) 

1303 

3260 

14638 

6150 

1930 

853 

980 

1165 

1210 

1123 

13 

1165 

(a) 

1350 

3335 

18150 

6150 

1830 

853 

980 

1080 

1210 

1080 

14 

1350 

(a) 

1445 

3260 

15200 

5910 

1830 

853 

950 

1045 

1165 

1080 

15 

1540 

(a) 

1493 

3260 

11700 

5910 

1730 

853 

950 

1045 

1165 

1080 

16 

1540 

(a) 

1683 

3410 

10200 

8700 

1635 

.  853 

950 

1010 

1165 

1080 

17 

1445 

(a) 

1830 

3730 

10350 

8250 

1540 

853 

1350 

1010 

1165 

1105 

18 

vm 

(a) 

1930 

4145 

10500 

7800 

1445 

853 

1350 

1045 

1165 

1165 

19 

1350 

(a) 

1985 

4230 

10650 

7500 

1398 

835 

1350 

1045 

(a) 

125f> 

20 

ia50 

(a) 

2040 

4320 

9600 

6795 

1398 

835 

1255 

1080 

(a) 

1255 

21 

1255 

(a) 

2040 

4410 

8400 

7210 

1255 

80() 

1255 

1165 

(a) 

1255 

22 

1210 

(a) 

2100 

46(0 

8700 

7500 

1210 

800 

1255 

1255 

(a) 

1255 

23 

1210 

(a) 

2100 

4410 

8400 

7^50 

1165 

800 

1210 

1350 

(a) 

1255 

24 

1210 

(a) 

2160 

4230 

8250 

7500 

1165 

835 

125.1 

1445 

(a) 

1165 

25 

1123 

(a) 

2160 

4060 

8100 

7800 

11-23 

835 

1255 

1165 

1255 

1165 

26 

1123 

(a) 

2280 

4060 

8100 

6660 

1121 

a35 

ia50 

1540 

1165 

1165 

27 

1123 

(a) 

2160 

3975 

8250 

5670 

1123 

853 

1350 

1730 

1165 

1080 

28 

1165 

(a) 

2040 

3975 

8250 

4800 

1123 

870 

1350 

1780 

1165 

1010 

29 

1165 

2100 

•  •  •  ■  •  • 

8250 

42:30 

1123 

870 

1255 

1780 

1165 

950 

30 

1165 

1930 

7355 

4060 

1010 

950 

1255 

1830 

1123 

950 

31 

1255 

...... 

1930 

• 

6795 

980 

1010 

1880 

950 

(a)  Ice. 
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MONTANA   EXPERIMENT  STATION. 


Daily  Discharge   of   Big    Biaclcfoot    River,    Near   Bonner,  in    Second -Feet, 

for    1900. 


Dy. 

Jan. 

Feb. 
743 

Mar. 
602 

Apr. 
1310 

May 

JUIIH 

July 

1 
Aug. 

1 

Sept. 

Oct. 

1 
Nov. 

Dec. 

I 

824 

3514 

.3908 

1830 

1026 

986 

824 

743 

(a) 

2 

824 

662 

662 

1391 

3988 

4064 

1781 

1026 

905 

824 

743 

1  (a) 

3 

90.^ 

662 

702 

1435 

398h 

40«54 

17.33 

98() 

905 

824 

7j83 

(a) 

4  864 

662 

581 

17:53 

41()0 

4064 

1643 

986 

905 

824 

743 

(a) 

5  !783 

702 

380 

1980 

5106 

3749 

1643 

986 

905 

824 

783 

,  fa) 

6  i  702 

621 

420 

2325 

5877  1  3988 

1553 

986 

905 

824 

824 

1067 

7  ;824 

662 

500 

2520 

6005!  .3749 

15:)3 

986 

1X)5 

743 

7a3 

986 

8  '783 

581 

702 

2650 

5877 

:J5I4 

1512 

986 

fH)5 

743 

783 

824 

9  1783 

540 

90o 

2715 

5.30:3 

.3514 

1472 

945 

824 

824 

78:3 

713 

10  i  783 

621 

1512 

2585 

6005 

3:357 

1472 

1026 

824 

824 

824 

702 

11 

783 

702 

2085 

2585 

6648 

3125 

1391 

986 

905 

743 

7a3 

783 

12 

702 

702 

2980 

2520 

8061 

2980 

1391 

905 

JK)5 

743 

743 

702 

13 

1)45 

581 

3125 

2455 

12559  2910 

1391 

9<r) 

5)05 

74J 

783 

702 

14 

905 

581 

208 '» 

23-25 

11274 

2980 

1:J91 

905 

905 

743 

•702 

702 

15  '864 

540 

1781 

2455 

9989 

2980 

1310 

IJOT) 

824 

743 

'  743 

(562 

16  864 

460 

1598 

2520 

8704 

3125 

1350 

10(57 

824 

824 

743 

662 

17  783 

621 

■643 

2520 

9089 

3592 

[  i;}50 

JK)5 

824 

945 

783 

581 

18 

864 

540 

1350 

2520 

8961 

3514 

1269 

1067 

905 

783 

(i62 

621 

19 

864 

702 

1391 

2780 

8575 

3125 

1229 

905 

824 

702 

702 

621 

20 

743 

662 

1148 

2980 

7676 

2910 

,  1269 

864 

824 

702 

(a) 

tJ^^2 

21 

783 

6(>2 

1107 

3200 

7290 

2980 

1 229 

905 

905 

662 

la) 

864 

22 

824 

702 

1107 

3278 

7162 

2845 

,  1188 

9t»5 

824 

743 

(a) 

905 

23 

743 

702 

1188 

3592 

6:jHl 

2715 

1107 

905 

824 

702 

(a) 

783 

24 

(>02 

662 

1269 

3749 

raoi 

2650 

H/26 

905 

824 

7a3 

(a) 

824 

25 

702 

662 

1229 

3671 

5877 

2520 

1  1026 

805 

824 

702 

(a) 

7a3 

26  74;^ 

581 

1188 

3671 

52.34 

2325 

1148 

905 

743 

743 

(a) 

824 

27  0152 

(>21 

1269 

3671 

5106 

2200 

1229 

905 

743 

824 

(a) 

783 

28 

702 

621 

1310 

34.35 

4977 

2085 

1  1067 

905 

824 

783 

^a) 

702 

29 

702 

1188 

3:^7 

4977 

2030 

1067 

864 

824 

743 

(a) 

702 

30 

743 

1229 

3278 

4720 

1880 

1107 

945 

.  824 

7a3 

(a) 

702 

31 

743 

1310 

3988 

1107 

864 

1 

743 

581 

(u)  Ice 
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Daily  Discharge  of  Missoula  River,  at  Missoula,  in  Second-Feel 

t,  lor 

1900. 

Dy.i  Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

1404 

Sept. 

Oct. 

Nov. 

Dec. 

1 

(a) 

(a) 

1534 

2480 

6540 

94(K) 

3260 

1278 

1430 

1560 

(a) 

2 

(a) 

(a) 

1560 

2645 

6880 

9050 

3160 

1340 

1245 

.  1495 

1560 

(a) 

3 

(a) 

(a) 

1495 

3160 

7475 

9050 

2980 

1404 

1300 

1470 

1560 

(a) 

4 

(a) 

(a) 

1365 

3580 

8175 

8875 

2760 

1340 

1278 

1664 

1625 

(a) 

5 

(a) 

(a) 

980 

4100 

9155 

'  2678 

1245 

1404 

1600 

1664 

1860 

<•: 

(a) 

(a) 

1030 

4400 

lOOOO 

2678 

1245 

1404 

1560 

1625 

1885 

7 

(a) 

(a) 

1365 

4900 

10600 

8175 

2645 

1190 

1495 

1664 

16-25 

1820 

8 

(a) 

(a) 

1560 

4650 

10120 

8175 

2513 

1190 

1430 

1625 

1625 

1820 

9 

(a) 

(a) 

2595 

4725 

9800 

7755 

2430 

1245 

1404 

1560 

1600 

1690 

10 

(a) 

(a) 

3600 

4475 

11120 

7580 

2315 

1135 

1365 

1560 

1025 

1600 

11 

(a) 

(a) 

5490 

4100 

12950 

6775 

2232 

1.30J 

1365 

1534 

1534 

1470 

12  i  (a) 

(a) 

6950 

4400 

23601) 

6240 

2150 

1245 

1300 

1495 

1430 

1365 

13 

1690 

(a) 

6300 

4225 

23600 

5^*40 

2070 

1245 

1278 

1495 

14:30 

1300 

U 

VM) 

(a) 

4or> 

4350 

20550 

55511 

2025 

12-23 

1245 

1470 

1470 

1300 

10  =1730 

(a) 

3400 

4275 

17930 

5700 

1950 

1190 

1278 

1495 

14:30 

1.365 

16 

1661 

(a) 

2545 

4475 

16200 

5940 

1885 

1190 

2348 

1495 

1430 

1:340 

17 

1531 

450 

276) 

4475 

168  M) 

6775 

i860 

1080 

16fK» 

1470 

1600 

1365 

18 

1560 

930 

26i-» 

4400 

16700 

7580 

1820 

1113 

1625 

14:30 

(a) 

1340 

19 

1560 

(a) 
(a) 

2215 

4725 

15850 

6390 

1755 

1113 

•  690 

1470 

(a) 

1:300 

2n 

1560 

234S 

5100 

15450 

6000 

1625 

1080 

1664 

1470 

(a) 

1340 

21 

1600 

(a) 

2392 

5300 

13950 

5575 

1531 

1030 

16-25 

143i) 

(a) 

1664 

22 

1534 

1495 

2480 

5850 

1310J 

5490 

1 470 

1245 

1560 

1560 

(a) 

1885 

2:i 

1534 

1534 

2678 

6150 

12850 

5150 

1534 

1278 

156i) 

1560 

(a) 

1560 

24 

1495 

1661 

2313 

631  n 

12120 

5025 

1495 

l:i40 

J  625 

1560 

(a) 

1430 

25 

1223 

1664 

2480 

61^00 

1  lo20 

4900 

1534 

1404 

1560 

15:34 

1340 

26 

830 

1625 

2562 

6450 

10880 

4900 

1534 

1430 

\m) 

1495 

(a) 

1300 

27  '  98() 

1625 

2562 

6450 

10920 

4  JOl) 

1495 

1430 

[rytyi  I 

3470 

(a) 

1340 

28 

730 

1625 

2562" 

6300 

1101)0 

4023 

1495 

1340 

1534 

1495 

(a) 

1190 

29 

(a) 

2430 

630'J 

1060) 

3700 

1534 

1300 

1534 

1600 

(a) 

1013 

30 

(a) 

«  •  •  •  •  • 

2265 

6300 

10000 

3460 

14:30 

1365 

J430 

1534 

(a) 

980 

31 

(a) 

2348 

9600 

1430 

1340 

1560 

(a) 

(a)  Ice 
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LETTER  OF  TRANSMITTAL. 


BozEMAN,  Montana,  December  31,  1902. 

To  His  Excellency,  Joseph  K.  Toole, 

Governor  of  Montana. 

Dear  Sir: — In  accordance  with  the  Congressional  Act  of 
March  2,  1887,  I  have  the  honor  to  transmit  herewith  the  ninth 
annual  report  of  the  Montana  Experiment  Station.  The  financial 
statement  is  for  the  year  ending  June  30,  1902,  the  results  of 
investigations  of  the  several  departments  are  reported  to  the  end 
of  the  State  year,  November  30,  1902. 

Very  respectfully, 

S.   FORTIER, 

Director. 


MONTANA  AGRICULTURAL 

EXPERIMENT  STATION 


STATE  BOARD  OF  EDUCATION. 

4 

Joseph  K.  Toole,  Governor,  1 

James  Donovan,  Attorney-General,  >  Ex-Officio Helena 

W.  W.  Welch,  Supt.  of  Public  Instruction,  J 

J.  M.  Evans Missoula 

C.  K.  Leonard Butte 

X.  W.  McCoNNELL Helena 

W.  M.  Johnston Billings 

().  P.  Chisholm Bozeman 

J.  G.  McKay , Hamilton 

(x.  T.  Paul Dillon 

N.  B.  HoLTER Helena 


EXECUTIVE  BOARD. 

Walter  S.  Hartman,  President Bozeman 

John  M.  Robinson,  Vice-President Bozeman 

Peter  Koch,  Secretary Bozeman 

Joseph  Kountz Bozeman 

E.  B.  Lamme Bozeman 

STATION  STAFF. 

S.  FoRTiER,  Ma.  E Director  and  Irrigation  Engineer 

F.  W.  Traphagen,  Ph.  D.,  F.  C.  S Chemist 

J.  W.  Blankinship,  Ph.  D Botanist 

R.  A.  CooLEY,  B.  Sc Entomologist 

F.  B.  Llnfieli),  B.  S.  A Agriculturist 

R.  W.  Fisher,  B.  S Assistant  Horticulturist 

EoMrNi)  Burke Assistant  Chemist 

H.  C.  Gardiner Student  in  Charge  of  Poultry 


Post  Office,  Express  and  Freight  Station,  Bozeman. 


All  communications  for  the  Experiment  Station  should  be 
addressed  to  the  Director, 

Montana  Experiment  Station, 

Bozeman,  Mont. 

NOTICE — The  bulletins  of  the  Station  will  be  mailed  free  to 
anv  citizen  of  Montana  who  sends  his  name  and  address  to  the 
Station  for  that  purpose. 


REPORT  OF  THE  TREASURER. 


The  Experiment  Station  of  the  Agricultural  College  of  the  State 
of  Montana  in  account  with  the  United  States  appropriation^ 
1901-1902. 

Dr. 

To  receipts  from  the  Treasurer  of  the  United  States  as 
per  appropriation  for  fiscal  year  ending  June  30, 
1902,  as  per  Act  of  Congress  approved  March  2, 
1887 $15,000.00 

Cr. 

By  Salaries $  9,018.25 

Labor 2»215.06 

Publications 1,232.88 

Postage  and  stationerj^ 182.68 

Freight  and  express 438.17 

Heat,  light,  water  and  power 281.72 

Chemical  supplies 135.56 

Seeds,  plants  and  sundry  supplies 470.12 

Fertilizers 32.50 

Feeding  stuffs 105.54 

Library 223.81 

Tools,  implements  and  machiner3' 185.05 

Furniture  and  fixtures 269.30 

Scientific  apparatus 186.36 

Contingent  expenses 23.00 

Total $15,000.00 

We,  the  undersigned,  duly  appointed  Auditors  of  the  Corpora- 
tion, do  hereby  certify  that  we  have  examined  the  books  and 
accounts  of  the  Experiment  Station  of  the  Agricultural  College  of 
the  State  of  Montana  for  the  fiscal  3'ear  ending  June  30,  1902  ; 
that  we  have  found  the  same  well  kept  and  classified  as  above,  and 
that  the  receipts  for  the  year  from  the  Treasurer  of  the  United 
States  are  shown  to  have  been  $15,000.00,  and  the  corresponding 
disbursements  $15,000.00;  for  all  of  which  proper  vouchers  are 
on- file  and  have  been  by  us  examined  and  found  correct,  thus 
leaving  no  balance. 

And  we  further  certify  that  the  expenditures  have  been  solely 
for  the  purposes  set  forth  in  the  Act  of  Congress  approved  March 
2,  1887.  Signed : 

Attest:  J.  M.  Robinson, 

Peter  Koch,  Peter  Koch, 

Custodian  Auditors. 


REPORT  OF  THE  DIRECTOR. 


CHANGE  IN  STATION  YEAR. 


Since  the  establishment  of  the  Station  each  annual  report  has 
included  the  results  of  investigations  for  the  fiscal  year  ending 
June  30  of  each  year.  This  division  of  time  does  not  conform  to 
the  crop  growing  season  ftnd  few,  if  any,  of  the  Station  officers 
can  make  a  report  of  the  operations  of  the  summer  season  until 
after  harvest  time.  The  effect  has  been  unnecessary  delay  in  the 
publishing  of  results.  By  resolution  of  the  Station  council  it  was 
decided  to  make  the  Station  year  conform  to  the  state  year  which 
terminates  November  30.  In  this  report  the  financial  statement 
is  given  for  the  fiscal  year  as  usual,  but  the  results  of  experiments 
and  field  operations  generally  are  reported  to  November  30,  1902. 


THE  OUTLOOK  FOR  AGRICULTURE. 


There  never  was  a  time  in  the  history  of  this  state  w^hen  the 
outlook  for  agriculture  was  brighter.  The  fertile  soil  of  valley 
and  bench  lands  has  3'ielded  abundant  harvests  and  the  prices  paid 
for  the  products  of  both  field  and  range  have  been  above  the  aver- 
age. The  capital  stock  as  well  as  the  annual  dividends  of  the 
farmer  has  increased.  Agricultural  land,  particularly  improved 
farm  land,  has  steadily  risen  in  value.  In  consequence  of  these 
favorable  conditions  the  Montana  rancher  is  prosperous  and 
contented. 

It  is  likewise  true  that  the  people  of  the  state  generally  are 
beginning  to  regard  agriculture  as  the  safe  foundation  upon  which 
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much  of  our  future  prosperity  will  be  built.  They  have  already 
become  accustomed  to  rely  on  the  taxes  paid  by  the  stockman  and 
farmer  to  provide  means  to  uphold  and  maintain  a  state  govern- 
ment. That  these  two  industries  pay  a  large  proportion  of  the 
total  expenditures  is  evident  from  the  following  figures  which  give 
the  assessed  valuations  for  the  past  eight  years.  In  this  brief 
summary  is  given  only  three  items  and  the  total  assessment  for 
each  year.  It  is  not  lo  be  understood  that  the  assessed  values  of 
land  here  given  represent  the  total  assessment.  These  are  exclus- 
ive of  the  improvements  on  the  farms  as  well  as  the  farming 
utensils,  machinery,  wagons,  etc.  Besides  many  of  the  towns  and 
cities  of  the  state  are,  to  a  large  extent,  dependent  on  these  basic 
industries  of  farming  and  stock  raising.  So  that  agriculture  in  its 
broadest  sense  not  only  provides  the  greater  part  of  the  re^fenue 
of  the  state  as  the  result  of  direct  taxation,  but  it  also  assists  in 
building  up  towns  and  cities  and  in  producing  raw  material  for 
the  manufacturer  and  larger  shipments  for  the  transportation 
company : 


Assessed 

Assossorl 

Assossod 

Year. 

Value  of 

Valup  of 

Value  of 

Farm  Land. 

Livf*  Stock. 

Mines. 

1895 

$17,020,977 

SI  9,439, 165 

8  5,128,870 

1896 

17,069,855 

18,923,860 

4,236,289     ! 

1897 

17,821,995 

19,927,414 

8,631,2")  I     1 

1898 

19,149,354 

22,229,761 

8,-a7,5l8     1 

1899 

20,499,746 

23,705,794 

8.943,267 

1900 

21,416,061 

26,281,473 

14,168,708     1 

1901 

23,185,370 

28,266.1  l-J 

16,281,271     1 

1902 

25,30(3,972 

32,517,589 

5,891,358 

Total 

Annual 

Assessment. 


$124,076,585 
120,697,847 
130,757,411 
133,969,519 
142,117,655 
153,401,594 
166,787,588 
185,725,657 


THE  EXTENSION  OF  AGRICULTURE. 


Agriculture  in  Montana  may  be  developed  in  many  ways  and 
along  various  lines.  In  the  past  onlj^  a  few  industries  have 
received  careful  attention  while  all  the  others  have  been  neglected. 
If  substantial  progress  is  to  be  made  there  must  of  necessity  be  a 
more  complete  development.    This  is  particularly  true  of  all  those 
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industries  which  are  adapted  to  local  conditions.  Because  native 
grasses  grow  so  abundantly  under  arid  conditions,  is  it  wise  to 
depend  alone  on  the  range  ?  The  quantity  and  quality  of  the  nat- 
ural product  are  sure  indications  of  the  large  returns  that  might 
be  obtained  under  cultivation  and  irrigation. 

In  the  fuller  development  to  which  we  refer  there  can  be  no 
question  that  irrigation  is  the  chief  factor.  Farming  with- 
out irrigation  in  an  arid  climate  is  a  one-sided  business.  On  one 
side  of  the  irrigation  canal  are  to  be  seen  comfortable  homes,  shade 
trees,  gardens,  orchards,  domestic  animals  and  well  cultivated 
fields;  on  the  other  side  straw  stacks,  bunch  grass  and  range 
steers.  The  cultivation  of  dry  farms  and  the  production  of  range 
beef  are  important  industries,  but  these  alone  cannot  make  a  farm 
homfe  attractive.  It  is  the  effect  of  water  from  the  neighboring 
stream  which  adds  such  a  charm  to  the  irrigated  homestead.  The 
irrigation  stream  is  the  common  foster  parent  which  nourishes 
every  farm  industry.  It  produces  flowers  for  the  honey  bees,  food  for 
the  chickens,  alfalfa  for  the  dairy^  cows,  the  best  of  rations  for  fat- 
tening stock,  and  fruit  and  fresh  vegetables  for  the  table. 


PROGRESS  IN  IRRIGATION. 


Since  agriculture  in  this  state  is  dependent  to  a  large  extent 
on  irrigation,  every  acre  that  is  rendered  productive  by  means  of 
water  will  tend  to  promote  agriculture.  Progress  in  irrigation 
mav  be  made  in  anv  one  of  the  wavs  herein  named. 

(1)  The  proprietor  of  the  irrigated  homestead  is  now  labor- 
ing under  difficulties  which  should  be  removed.  In  about  nine 
cases  out  of  ever}"-  ten,  rights  to  the  use  of  water  are  unknown  and 
undefined.  In  so  lax  a  S3'stem  an  equita])le  distribution  is  imposs- 
ible for  the  actual  necessities  of  each  water  user  have  never  been 
determined.  It  is  also  evident  that  an  economical  use  of  water 
can  seldom  be  practiced.  The  water  which  should  be  applied  to 
ten  quarter  sections  may  be  used  and  wasted  on  five,  while  the  re- 
maining five  produce  half  a  crop  on  account  of  a  lack  of  water. 
When  the  rights  of  the  proprietor  of  irrigated  land  are  clearh'  de- 
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fined  and  recorded,  the  value  of  his  holding  will  be  enhanced  and 
this  will  tend  to  induce  others  to  Extend  their  irrigated  areas. 

(2)  Montana  has  not  yet  reached  so  advanced  a  stage  in  irri- 
gation that  individual  effort  is  powerless  to  obtain  a  water 
supply.  There  are  still  hundreds  of  small  streams  that  are  not 
wholly  utilized  from  which  water  may  be  cheaply  conveyed  to 
arable  land.  There  are  besides,  the  modern  pump,  the  tunnel 
driven  to  bed  rock  in  the  bottom  of  a  ravine,  and  the  small  stor- 
age reservoir.  One,  or  more,  of  these  means  may  be  used  by  the 
individual  to  secure  a  water  supply. 

(3)  One  of  the  most  successful  ways  of  promoting  irrigation 
is  by  means  of  the  co-operative  canal.  The  united  effort  of  from 
10  to  20  industrious  farmers  who  make  up  their  minds  not  to  be 
influeticed  by  minor  differences  of  opinion  but  to  work  harmoni- 
ously together  for  the  accomplishment  of  a  common  purpose,  may 
complete  in  a  satisfactor}^  manner  a  large  canal,  or  storage 
reservoir. 

(4)  In  1894  Congress,  under  the  provision  of  the  Carey  Act, 
gave  to  each  arid  state  the  right  to  select  1,000,000  acres  of  land 
and  to  control  its  irrigjation  and  settlement.  Only  14,000  acres 
of  this  grant  have  been  reclaimed.  The  large  area  yet  remaining 
affords  an  inviting  field  for  capital  and  co-operative  effort. 

^5)  The  construction  of  large  enterprises  by  the  government 
under  the  Federal  Act  passed  last  June. 


THE  DIVERSIFIED  FARH. 


In  our  agricultural  development  a  few  industries  such  as  stock 
raising  have  forged  ahead  and  left  the  others  either  far  in  the  rear 
or  out  of  the  race  altogether.  This  Station  has  tried  to  show  for 
3''ears  past  that  there  are  other  important  industries  such  as 
dairying,  poultry  and  hog  production  that  might  receive  at- 
tention and  become  in  time  successful  without  in  anv  wav  retard- 
ihg  the  success  of  the  present  leading  industries. 

That  such  industries  and  manj^  more  of  a  secondary  character 
not  named  are  much  needed  is  clearh'  shown  by  the  following  sta- 
tistics of  imports,  collected  by  the  Secretary  of  the  Alontana  State 
Board  of  Horticulture. 
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Summary  of  Agricultural  Products  Shipped  into  Mon- 
tana During  1901,  as  Compiled  by  Mr.  F.  H. 
Ray,  Assistant  State  Examiner 

TVIeats $2,217,047 

Poultry  and  eggs 1,113,078 

Dairy  products 1,081,795 

Vegetables 210,019 

Grain 204,451 

Miscellaneous 194,004 

Total $5,020,394 

A  larger  number  of  smaller  irrigated  farms,  more  intensive 
farming  and  above  all  more  diversified  products  will  not  only  re- 
duce the  imports  but  increase  the  exports.  The  millions  of  dollars 
that  are  now  annually  sent  out  of  the  state  for  such  products  as 
butter,  cheese,  ham  and  eggs  should  go  into  the  pockets  of  the 
farmers.  We  must  look  to  the  diversified  farm  to  retain  these 
millions.  No  radical  changes  are  involved  in  making  provision  to 
supph"  these  products.  It  does  not  call  for  a  division  of  the  large 
farm'.  If  the  owner  of  320  acres  believes  he  can  make  more  money  in 
raising  alfalfa  and  feeding  it  to  stock  no  one  has  the  right  to  force 
him  into  the  dairy  business.  Yet  the  most  urgent  need  of  the 
present  time  is  the  establishment  of  more  co-operative  dairy 
plants.  Fifty  such  plants  successfully  operated  in  this  state  w^Ould 
not  only  prevent  the  importation  of  over  a  million  dollars*  worth 
of  dairy  products  but  thcA'^  would  foster  such  industries  as  poultry 
and  particularly  the  production  of  pork.  There  is  an  excellent  op- 
portunity for  thousands  of  families  to  acquire  from  20  to  160  acres 
of  irrigated  land  each  and  practice  diversified  farming.  In  1901  one 
small  farm  of  119  acres  in  the  Gallatin  valley'  produced  products 
to  the  value  of  $2816,  local  market  rates. 


THE  STATION  AND  THE  AGRICULTURAL  INDUSTRIES. 


The  Station  is  earnestly  striving  to  better  the  condition  of 
farming  communities.  It  not  only  points  the  way  to  better  things 
but  its  various  departments  are  busily  engaged  in  obtaining  facts 
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and  figures  for  the  benefit  of  all  those  who  depend  on  the  soil  or 
the  range  for  a  livelihood.  In  the  matter  of  seeds  Congress  and  the  _ 
Department  of  Agriculture  distribute  seed  which  may  or  may  not 
be  adapted  to  Montana  conditions.  This  Station  on  the  other 
hand  first  tests  all  seeds  and  it  is  only  after  from  three  tofive3''ears 
of  careful  testing  on  the  Station  farm  that  a  variety  is  recom- 
mended. Fully  eighty  per  cent,  of  the  total  number  of  varieties 
tried  are  discarded  as  unsuitable  to  this  state.  There  are  about 
150,000  acres  in  Montana  seeded  to  oats.  Two  or  three  of  the 
new  varieties  that  are  now  being  distributed  by  this  Station  to  the 
farmers  of  the  state  will  readily  yield  on  an  average  five  bushels 
per  acre  more  than  the  varieties  commonly  raised.  This 
increase  in  yield,  on  the  acreageseeded,atcurrentprices  will  produce 
a  gross  revenue  of  $240,000  annually. 

The  efforts  of  the  Station  are  also  being  expended  in  fostering 
those  industries  which  have  usually  been  regarded  by  our  citizens 
as  of  secondary  importance.  Among  these  may  be  named  the 
honey  bee,  poultry,  fruit  raising,  the  production  of  pork  and  the 
dairy  products.  All  of  these  are  worthy  of  careful  attention  and 
this  Station  hopes  to  become  a  factor  in  developing  these  infant 
industries. 

In  the  broader  phases  of  its  work  it  is  endeavoring  to  establish 
new  industries,  such  as  the  production  of  beets  and  the  manufac- 
ture of  beet  sugar,  to  reclaim  large  tracts  of  land  that  have  been 
damaged  by  alkali  and  to  convey  water  to  irrigate  land  for  the 
purpose  of  creating  homes.  The  measurements  of  streams  and 
ditches  by  this  Station  now  run  into  the  thousands  and  the  data 
thus  obtained  afford  valuable  information  concerning  our  natural 
water  supply  and  the  use  that  it  subserves. 

A  decade  ago  the  farmers  of  Gallatin  valley  used  to  summer 

fallow  from  twenty-five  to  fifty  per  cent,  of  their  irrigated  fields. 

Through  the  efforts  of  the  Station  andafew  of  the  more  intelligent 

and  wide-awake  farmers  the  summer  fallowed  area  is  being  rapidly 

converted  into  clover  and  alfalfa.  The  fodder  thus  raised  when 
fed  to  range  stock  yields  returns  of  from  $15  to  $40  per  acre.  If 
the  Gallatin  valle3'  farmers  had  continued  to  follow  the  advice  of 
those  who  advocated  summer  fallowing  on  irrigated  farms  the  loss 
to  this  county  would  now  have  amounted  to  over  a  quarter  of  a 
million  dollars  per  annum. 
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THE  DUAL  FUNCTION  OF  THE  EXPERIHENT  STATION, 


The  function  of  the  Station  is  two-fold.  Regarded  from  the 
local  and  practical  standpoint  its  chief  function  is  to  promote  the 
agricultural  industries  of  Montana.  Its  other  field  of  work  is  quite 
as  important.  The  Montana  Experiment  Station  is  only  one  of 
sixty  in  the  United  States.  Fifty -four  of  these  are  maintained  by 
congressional  appropriations.  The  Stations  bear  in  many  respects 
the  same  relation  to  the  Land  Grant  Colleges  that  the  Carnegie 
Institution  does  to  the  higher  universities  of  the  countr\^  They 
are  organized  and  maintained  for  the  purpose  of  carr3ang  on 
investigations  in  scientific  agriculture  and  applying  the  results  in 
such  a  way  as  to  benefit  mankind.  In  this  sense  the  function  of 
the  Station  is  world  wide.  Thediscovery  of  any  scientific  fact  that 
is  likely  to  exert  an  influence  on  the  welfare  of  human  beings 
receives  the  widest  publicity.  It  is  not  intended  that  such  knowl- 
edge should  be  confined  to  the  state  in  which  the  discovery  is  made. 
Hence  it  follows  that  this  Station  is  required  to  maintain  the 
scientific  features  of  its  work  although  all  the  results  ma}^  not  have 
a  direct  bearing  for  the  present  at  least  on  agriculture  in  this  state. 


NEEDS  OF  THE  STATION. 


Agricultural  Department— The  live  stock  interests  of  Montana 
are  and  will  continue  to  be  the  mainstay  of  her  agriculture. 
In  the  equipment  of  the  Agricultural  College  and  Experiment 
Station  of  Montana  this  fact  should  be  recognized  and  acted 
upon.  Experiments  with  live  stock  and  experiments  relating 
to  live  stock  should  have  prominent  consideration.  The  grow- 
ing of  meat  and  wool,  the  breeding,  growing  and  fattening 
of  young  stock  and  the  production  of  milk  and  dairy  pro- 
ducts present  problems  that  are  pressing  for  solution.  For 
animals  and  animal  products  which  the  Montana  climate  and 
Montana  fodders  enable  her  farmers  to  produce  of  the  highest 
quality,  and  to  produce  most  cheaply,  the  j)eople  3'early  send  mil- 
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lions  of  dollars  out  of  the  state.  The  Station  is  anxious  to  take 
up  those  lines  of  work  on  a  scale  commensurate  with  their  import- 
ance to  our  farmers,  but  it  cannot,  out  of  its  limited  funds,  provide 
the  equipment  necessary. 

In  carrying  on  experiments  with  steers  or  sheep,  in  winter 
feeding,  the  investment  made  returns  in  a  few  months  to  the 
Station  funds,  but  with  dairy  cows  and  with  breeding  stock,  the 
investment  is  practically  a  permanent  one.  For  the  dairy  w^ork  at 
least  20  to  25  cows  should  be  kept  and  for  breeding  work  as  many 
pure  breds  of  different  breeds  are  needed.  Forthework  with  sheep 
a  grade  and  a  pure  bred  flock  are  also  needed  and  the  same  is  true 
of  swine. 

The  Iowa  Experiment  Station  has  purchased  Montana  range 
horses,  ^hipped  them  to  that  state  and  fed  them  for  the  purpose  of 
developing  those  horses  into  useful  farm  animals.  The  Iowa 
Station  is  anxious  to  show  how  the  farmers  of  that  state  can  most 
profitably  use  the  coarse  fodders  of  the  farm  and  they  find  that  the 
development  of  the  Montana  range  horse  was  one  of  the  profitable 
uses.  The  Montana  farmer  has  ascheap grain  and  ha^^  as  his  Iowa 
brother  and  the  possibilities  and  methods  of  developing  the  Alon- 
tana  range  horse  into  a  useful  animal  for  home  or  export^use  is  a 
question  the  Montana  Station  would  like  to  be  able  to  investigate. 

Live  stock  is  needed  to  carr^-  on  the  experiments  outlined,  but 
\vithout  buildings  to  properl}^  house  the  breeding  herds  and  flocks 
and  the  dairy  cows,  together  wfth facilities  forcaring  for  the  stock, 
and  for  conducting  the  experiments,  it  will  not  be  advisable  to  get 
the  live  stock,  or  to  experiment  in  these  directions.  The  first  thing 
needed,  therefore,  is  suitable  farm  buildings.  Amongthem  a  cattle 
breeding  and  dair}^  barn  comes  first.  This  barn  should  be  large 
enough  for  present  and  prospective  needs,  and  substantial  and 
tastv  in  construction. 

For  the  horses  there  is  also  needed  a  new  barn,  and  associated 
with  it  a  tool  house  and  repair  shop.  Not  farfrom  this  barn  should 
be  a  wagon  and  implement  shed. 

For  the  sheep  a  barn  arranged  for  a  breeding  and  feeding 
flock  is  needed,  and  the  breeding  and  feeding  hogs  have  also  to  be 
provided  for,  as  also  the  fattening  steers. 

In  all  of  these  buildings  should  be  provided  storage  room  for 
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the  feeds  needed  by  the  animals  for  the  winter  and  also  ample  con- 
veniences for  weighing  both  the  animals  and  the  feed  used  in  the 
experimental  work. 

At  present  there  is  no  place  to  properlj'  care  for  the  valuable 
experimental  seeds  and  grains  grown  upon  the  farm.  The  work 
already  done  in  introducing  valuable  varieties  of  grain  into  the 
state  has  much  more  than  paid  for  a  new  seed  barn  and  granary. 
Such  a  building  is  very  much  needed  if  the  variety  tests  with  grains 
are  to  be  continued. 

Botanical  Department— Th^  chief  need  of  the  botanical  de- 
partment, like  that  of  the  entomological,  is  for  more  room 
and  better  facilities  for  work.  Under  the  present  conditions 
with  every  nook  and  corner  full  of  cases  and  collections  and 
every  room  filled  with  students  it  is  impossible  either  to  secure 
proper  classification  and  storage  or  to  separate  in  any  way 
the  work  and  collections  of  the  College  from  those  of  the 
Station,  while  the  head  of  the  department  has  no  room  for  his 
own  private  work  or  for  the  arrangement  and  display  of  the  speci- 
mens upon  which  he  may  be  studying.  Some  relief  has  been  afford- 
ed by  the  grouping  of  all  botanical  classes  in  the  last  half  year  so 
as  to  leave  the  first  free  for  Station  work,  but  it  is  feared  that 
there  will  not  be  room  for  all  students  who  desire  to  take  this 
work,  as  our  resources  were  taxed  to  the  utmost  last  3'ear  with  58 
students  entered,  and  the  classes  are  now  larger.  A  new  building 
for  the  biological  departments  i^  imperative  to  accommodate 
their  natural  growth  and  afford  facilities  for  class-rooms  and  lab- 
ortories,  but  in  particular  to  give  the  Station  officers  adequate 
means  for  their  work  of  economic  and  scientific  research  and  for 
the  secure  storage  of  the  collections  upon  which  this  research  is 
based. 

Entomological  Department. — In  the  small  rooms  now  occupied 
by  the  entomological  department,  which  are  used  also  for  college 
classes,  there  is  neither  room  nor  facilitj'^  for  the  entomological  work 
demanded.  Each  succeeding  year  shows  a  marked  increase  in  the 
demands  from  the  State  both  for  research  work,  and  information 
concerning  well  known  pests.  Many  of  the  pests  of  the  older  agri- 
cultural regions  have  found  their  way  to  Montana,  and  are  rapid- 
ly multiplying  and  establishing  themselves.  Besides  these  there  are 
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very  many  native  species  that  are  doing  much  damage  to  crops.  In 
both  these  classes  there  is  a  great  demand  for  the  study  of  life  his- 
tories, in  order  that  suitable  remedies  may  be  worked  out.  For  this 
purpose  there  is  pressing  need  for  room  and  equipment  adapted  for 
the  work. 

From  the  work  on  bees  for  the  past  two  years  it  appears  that 
there  is  a  large  field  of  usefulness  in  this  line.  Not  only  because  of 
the  returns  in  bee  products,  but  also  for  the  good  accomplished  by 
bees  as  cross  fertilizers  of  plants,  they  should  be  much  more  gener- 
ally kept  in  Montana  than  they  are. 

The  experimental  work  in  bees  can  be  made  self-supporting 
from  the  products  sold;  but  we  are  in  need  of  room  for  apiary 
work,  such  as,  extracting  and  canning  of  honey;  nailing  and  stor- 
ing and  painting  of  hives,  etc.  Not  much  room  is  needed  but  at 
present  we  are  wholly  without  facilities  for  this  work. 


Horticultural  Department, — The  green  houses  we  now  have  are 
no  use  at  all  for  classwork,  propagating  plants,  or  growing  the 
plants  properly  after  being  propagated, and  there  is  no  place  in 
which  to  do  the  necessary  work  connected  with  the  green  house. 
The  houses  as  they  now  stand  are  such  that  neither  the  tempera- 
ture, moisture  nor  ventilation  can  be  regulated,  all  of  which  is 
necessary  to  the  best  results. 

The  foundations,  walls,  sash  bars  and  benches  are  fast  decay- 
ing and  falling  to  pieces,  and  within  another  year  the  houses  will 
be  available  for  no  purpose  whatever,  unless  an  amount  nearly 
equal  to  the  first  cost  is  expended  in  repairs.  And  to  repair  these 
houses  is  wholly  impracticable,  as  they  are  not  the  style  of  houses 
wanted  at  this  place,  nor  are  they  in  a  suitable  location. 

Plans  and  estimates  of  cost  of  thoroughly  modern  green  houses 
have  been  received  from  the  foremost  horticultural  builders  of  the 
United  States,  and  such  a  structure  as  is  w^anted  at  this  College, 
including  a  small  building  attached  to  be  used  as  an  office,  class- 
room and  general  workroom  or  laboratory,  can  be  built  for  about 
$2,835. 

This  proposed  house  will  be  of  iron  frame-work  throughout; 
the  superstructure  resting  upon  a  solidly  built  brick  wall,  mounted 
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by  a  cast  iron  plate  or  sill.  The  benches  (the  first  things  ordinarily 
to  decay)  are  made  of  iron;  with  tile  bottoms,  thus  rendering  them 
practically  indestructible. 

The  minimum  amount  of  wood  consistent  with  the  best  results 
is  used,  thus  greath'  adding  to  the  durability  of  the  houses.  Such 
a  house  will,  in  the  ordinary  course  of  events,  last  for  an  indefinite 
period  with  but  little,  if  any  repairs. 


PUBLICATIONS. 


The  following  Bulletins  have  peen  published  during  1902: 

No.  32  Eighth  Aunual  Report 72  pages 

No.  33  Sugar  Beets  in  Montana,  F.  W.  Traphagen ....  15  pages 

No.  31  Farmers'  Weirs,  S.  Fortier '29  pages 

No.  35  Report  of  Feeding  Tests,  R.  S.  Shaw 19  pages 

No.  36  Forage  Conditions  of  Central  Montana,  Frank 

A.  Spragg iO  pages 

No.  37  Pork  Production  in  Montana,  R.  S.  Shaw 10  pages 

No.  38  Food  Adulteration,  F.  W.  Traphagen 2i  pages 

No.  39  Sheep  Feeding  in  Montana,  R  S.  Shaw 15  pages 

No.  40  Root  Crops  in  Montana,  R.  S.  Shaw 20  pages 

No.  41  Sugar  Beets,  ( 1902)  F.  W.  Traphagen 8  pages 

No.  42  The  Codling  Moth,  R.  A.  Cooley 18  pages 


FARMERS'  INSTITUTES. 


In  1901,  the  seventh  legislative  assembly  of  Montana  enacted 
a  law  providing  for  the  holding  of  farmers'  institutes  and  appro- 
priating the  sum  of  $2,000  a  j^ear  for  that  purpose.  The  directors, 
of  the  board  of  administration  for  the  past  two  years  have  been: 

J.  K.  Toole,  Governor  of  Montana. 

T.  C.  Power,  President  of  the  Wool  Growers'  Association. 

J.  T.  Brown,  President  of  the  Stock  Growers'  Association. 

A.  L.  Stone,  President  of  the  Horticultural  Societv. 

S.  Fortier,  Director  Montana  Experiment  Station. 
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An  organization  was  effected  June  10,  1901,  at  which  A.  L. 
Stone  was  elected  president  and  S.  Fortier  secretary  and  acting 
director. 

During  the  winter  of  1901  and  1902  institutes,  ^varying  in 
length  from  one  to  three  days  were  held  in  17  counties  of  the  state. 
The  mode  of  procedure  was  as  follows:  When  the  dates  for  a 
series  of  institutes  had  been  fixed  letters  were  sent  by  the  secretary 
to  the  editors  of  the  local  newspapers,  to  the  business  men  of  the 
towns  and  to  the  prominent  farmers  and  stockmen  in  each  county 
or  district  where  an  institute  was  to  be  held,  notifying  them  of  the 
fact  and  soliciting  their  co-operation.  The  newspaper  men  render- 
ed valuable  assistance  in  advertising  the  meetings,  the  merchants 
in  many  cases  provided  a  suitable  hall,  while  the  farmers  and 
stockmen  manifested  an  interest  by  attending  and  taking  part  in 
the  discussions. 

In  several  of  the  counties  visited  no  farmers'  institutes  had 
ever  been  held.  The  proceedings  were,  therefore,  new  to  many 
and  some  difficulty  was  encountered  in  getting  well  informed  and 
experienced  men  to  take  part.  This  difficulty  has  already  been 
partly  overcome.  The  nucleus  of  a  local  organization  was  formed 
ip  each  county  by  the  appointment  of  a  standing  committee.  A 
number  of  counties  have  since  effected  a  local  organization  and  in 
future  the  meetings  of  the  state  board  will  have  the  co-operation 
of  the  county  organizations. 

The  amount  appropriated  by  the  state  was  too  small  to  permit 
the  payment  of  salaries  to  anyone.  There  was  no  superintendent 
and  the  greater  part  of  the  work  devolved  on  the  officers  of  the 
Experiment  Station.  Notwithstanding  the  regular  duties  of  each 
and.  the  long  distances  traversed,  the  Station  workers  deliver- 
ed during  the  winter  84  addresses  at  farmers'  institutes.  Presi- 
dent Reid  and  several  members  of  the  College  faculty  also  rendered 
valuable  service. 

The  most  valuable  part  of  the  proceedings  of  each  farmers'  in- 
stitute w^as  collected  and  compiled  to  form  part  of  the  first  annual 
report.  This  report,  which  has  recently  been  published,  contains 
292  pages  of  information  of  a  practical  nature  that  cannot  but 
prove  of  value  in  bettering  the  condition  of  the  agriculturist  of 
Montana. 
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STATlON^  STAFF. 


Prof.  R.  S.  Shaw  resigned  his  position  as  agriculturist  August 
31,  1902,  to  accept  a  more  lucrative  position  at  the  Michigan 
Agricultural  College.  He  is  now  professor  of  agriculture  and  in 
charge  of  live  stock  experiments  and  the  College  and  Station 
farm.  Everyone  connected  with  this  Station  regretted  to  have  Mr. 
Shaw  leave  for  he  had  proved  himself  to  be  a  capable  instructor, 
an  eflScient  and  painstaking  investigator  and  an  enthusiast  in 
farmers'  institute  work. 

The  institution  has  been  extremely  fortunate,  however,  in 
securing  the  services  of  Prof.  F.  B.  Linfield  as  his  successor. 
Mr.  Linfield  was  educated  in  the  east  but  for  more  than  ten 
3'ears  past  he  has  been  connected  with  the  Agricultural 
College  and  Experiment  Station  of  Utah.  He  is,  in  consequence, 
thoroughly  familiar  with  western  conditions.  We  believe  that  he 
has  done  more  to  develop  the  agricultural  industries  of  Utah  than 
any  other  officer  who  has  ever  been  connected  with  its  Experiment 
Station  ^nd  we  hope  that  he  may  soon  become  a  potent  factor  in 
building  up  the  infant  industries  of  Montana  in  order  that  such 
products  as  butter,  cheese,  poultry  and  ham,  which  are  now- 
shipped  in  large  quantities  from  Utah,  may  be  produced  by  our 
own  people. 

Last  July  the  horticultural  department  of  the  Station  was 
strengthened  by  the  appointment  of  Mr.  R.  W.  Fisher,  a  graduate 
in  horticulture  of  the  University  of  Idaho,  with  the  rank  of  assist- 
ant horticulturist.  Mr.  Fisher  is  a  western  man  and  understands 
the  needs  of  the  west  in  horticultural  w^ork  and  of  the  opportuni- 
ties which  it  presents  to  develop  this  industry. 
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EXCHANGE  LIST. 


American  Fertilizer,  Philadelphia,  Pa. 

American  Fancier,  Johnstown,  N.  Y. 

American  Poultry  Advocate,  Syracuse,  N.  Y. 

Avant  Courier,  Bozeman,  Mont. 

Beet  Sugar  Gazette,  Chicago,  111. 

Belt  Valley  Times,  Belt,  Mont. 

Billings  Times,  Billings,  Mont. 

Butte  Inter  Mountain,  Butte,  Mont. 

Butchers  Advocate,  New  York,  N.  Y. 

Carbon  County  Chronicle,  Red  Lodge,  Mont. 

Chicago  Drover's  Journal,  Union  Stock  Yards,  Chicago,  tU. 

Chronicle,  Bozeman,  Mont. 

Chicago  Live  Stock  World,  Chicago,  111. 

Chinook  Opinion,  Chinook,  Mont. 

Dillon  Tribune,  Dillon,  Mont. 

Daily  Independent,  Helena,  Mont. 

Elgin  Dairy  Report,  Elgin,  111. 

Farm  Poultry,  Boston,  Mass. 

Fruit  Grower  and  Farmer, 

Farm,  Field  and  Fireside,  Monthly,  Chicago,  111. 

Farmer  Breeder,  Sioux  City,  Iowa. 

Farm  Journal,  Philadelphia,  Pa. 

Feather,  Washington,  D.  C. 

Farmers'  Guide,  Huntington,  Ind. 

Florist's  Review,  Chicago,  111. 

Farmers'  Review,  Chicago,  111. 

Gallatin  County  Republican,  Bozeman,  Mont. 

Glendive  Independent,  Gl endive,  Mont. 

Great  Falls  Weekly,  Great  Falls,  Mont. 

Gleanings  in  Bee  Culture,  Medina,  Ohio. 

Holstein  Friesan,  Brattleboro,  Vt. 

Home  and  Farm,  Louisville,  Ky. 

Horticultural  Visitor,  Kiumundy,  111. 

Irrigation  Age,  Chicago,  111. 

Inter  Mountain  Farmer,  Salt  Lake  City,  Utah. 

Jersey  Bulletin,  Indianapolis,  Ind. 

Kansas  Farmer,  Topeka,  Kan. 

Livingston  Post,  Livingston,  Mont. 

Madisonian,  Virginia  City,  Mont. 

Modem  Farmer,  St.  Joseph,  Mo. 

Milwaukee  Weekly  Journal,  Milwaukee,  Wis. 

Mining  and  Scientific  Press,  San  Francisco,  Cal. 
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Montana  Fruit  Grower,  Missoula,  Mont. 

National  Stockman  and  Farmer,  Helena,  Mont. 

National  Farmer,  Winona,  Minn. 

Northwestern  Tribune,  Stevensville,  Mont. 

New  York  Herald,  New  York,  N.  Y. 

Northwest  Poultry  Journal,  Salem,  Ore. 

Opportunity,  St.  Paul,  Minn. 

Ohio  Farmer,  Cleveland,  Ohio. 

Oregon  Agriculturist,  Portland,  Ore. 

Orange  Judd  Farmer,  Chicago,  111. 

Plainsman,  Plains,  Mont. 

Park  and  Cemetery  and  Landscape  Gardening,  Chicago,  111. 

Poultry  Farmer,  Des  Moines,  Iowa. 

Poultry  Herald,  St.  Paul,  Minn. 

Pacific  Coast  Financier's  Monthly,  San  Jose,  Cal. 

Poultry  Culture,  Kansas  City,  Mo. 

Rural  New  Yorker,  New  York,  N.  Y. 

Reliable  Poultry  Journal,  Quincy,  111. 

Rocky  Mountain  Husbandman,  White  Sulphur  Springs,  Mont. 

Republic,  St.  Louis,  Mo. 

Semi- Weekly  Missoulian,  Missoula,  Mont. 

Sentinel,  Boulder,  Mont. 

Strawberry  Specialist,  Kittrell,  N.  Carolina. 

Stockman  and  Farmer,  Belgrade,  Mont. 

Tribune  Review,  Butte,  Mont. 

Tribune,  Great  Falls,  Mont. 

Up-to-Date  Farming  and  Gardening,  Indianapolis,  Ind. 

Wisconsin  Agriculturist,  Racine,  Wis. 

Wallace's  Farmer,  Des  Moines,  Iowa. 

World,  Vancouver.  B.  C. 

West  Virginia  Farm  Review,  Charleston,  W.  Va. 

Western  Fruit  Journal,  St.  Joseph,  Mo. 

Weekly  Chronicle,  San  Francisco,  Cal. 

Western  Home  Journal,  Spokane,  Wash. 

Western  Swine  Breeder,  Lincoln,  Neb. 

Western  News,  Libby,  Mont. 

S.  FORTIER, 

Director. 
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AGRICULTURAL  DEPARTMENT. 


R.  S.  Shaw,  Agriculturist. 


REPORT  ON  VARIETY  TESTS  OF  GRAINS. 


The  following  report  contains  the  results  of  variety  grain 
testing  for  the  years  1899,  1900  and  1901.  These  same  varieties 
were  also  tested  during  the  season  of  1898,  but  as  it  was  required 
that  they  be  grown  under  a  combination  of  the  Campbell  method 
and  the  irrigation  system  the  data  secured  from  that  year's  work 
are  not  included  in  the  figures  given,  because  of  the  dissimilarity  of 
the  methods  employed  and  the  unsatisfactory  results  obtained. 
Many  of  these  varieties  were  secured  and  grown  prior  to  the  time 
of  the  writer's  connection  with  the  Station. 


DIFFICULTY  IN  SECURING  UNIFORM  RESULTS. 


Where  varieties  of  grain  are  grown  under  irrigation  great 
difficulty  is  experienced  in  securing  uniformitj'  in  the  comparative 
results,  no  matter  how  carefulh'  the  wofk  may  be  performed.    The 
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Station  farm,  fortunately,  is  such  that  soil  of  uniform  quality  can 
be  readily  selected.  The  difficulty  arises  in  irrigation;  let  this  work 
be  as  skillfully  and  accurately  performed  as  possible,  and  yet  it  is 
practically  impossible  to  apply  exactlj'  the  same  quantity  of  water 
to  each  of  a  hundred  or  more  plats.  Most  experimenters  attach 
great  importance  to  the  yields,  selecting  the  greatest  yielder  pro- 
viding the  quality  will  admit.  Under  our  conditions  less  import- 
ance is  attached  to  yield  and  selections  are  made  rather  from  a 
combination  of  results,  time  required  to  mature,  weight,  and  com- 
bined quality  of  grain  and  straw.  As  a  result  the  varieties  select- 
ed are  not  always  the  largest  yielders. 


METHODS  FOLLOWED  IN  QRAIN  TESTING. 


Soil  as  nearly  uniform  as  possible  in  composition  and  natural 
moisture  content  is  chosen.  The  preparatory  cultivation  consists 
in  moderately  deep  fall  plowing.  This  is  followed  in  the  spring  by 
thorough  cultivation  and  cross  cultivation  with  the  spring  tooth 
cultivator,  after  which  the  ground  is  graded  and  smoothed  by 
means  of  a  light  harrow.  The  ground  is  then  surveyed  and  staked 
off  into  plats  of  a  given  area,  usually  from  one-fortieth  to  one-six- 
tieth of  an  acre  with  three  feet  between  plats.  The  plats  are  gen- 
erally made  less  than  five  feet  in  width  to  permit  cutting  in  one 
swath  by  the  binder.  Before  sowing  the  plats  are  marked  off  by 
means  of  a  hand  marker  into  drill  rows  nine  inches  apart,  the  two 
outer  rows  being  four  and  one-half  inches  from  the  boundary  lines. 

The  seed  is  selected  by  means  of  a  grain  grader;  the  one  now 
in  use  is  the  **Eureka,''  manufactured  at  Lincoln,  Nebraska.  This 
machine  selects  according  to  the  weight  of  the  kernels,  by  means 
of  a  blast  of  air  which  passes  through  a  shaft  into  which  the  grain 
drops  at  about  the  center.  The  plump,  heav^-  kernels  drop  into 
the  grain  box  below,  while  the  lighter  ones  are  carried  over  on  the 
floor  together  with  bits  of  straw,  chaff  and  the  large,  light  weed 
seeds.  In  selecting  seed  from  the  varieties  fully  one-third  of  the 
lighter  grain  is  separated.  After  cleaning,  sufficient  grain  for  plat 
seeding  is  hand  picked,  to  remove  any  foreign  grains  which  may 
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be  present,  and  the  amount  of  seed  for  each  plot  is  weighed  out  in 
about  the  same  proportion  as  the  required  seedings  for  field  crops. 
The  seeds  are  then  treated  to  destroy  smut  powers  and  afterward 
dried  for  sowing. 

Sowing. — This  work  is  performed  by  means  of  a  hand  garden 
seed  drill,  as  it  has  been  found  almost  impossible  to  put  a  given 
quanity  of  grain  in  a  small  plot  by  means  of  a  large  seeder. 
Owing  to  the  difference  in  the  size  of  kernels,  smooth  or  rough 
coats,  etc.,  the  field  drill  cannot  be  set  to  measure  accurately  the 
amount  of  seed  required  for  each  plot,  where  a  great  number  of 
varieties  are  following  in  succession. 

Cultivation. — As  soon  as  the  variety  grains  are  from  four  to  six 
inches  high  a  hand  wheel  cultivator  is  used,  with  the  cutting 
knives,  to  clean  out  any  weeds  which  may  have  started  between 
the  drill  rows.  Two  interspaces  are  cultivated  at  each  stroke  of 
the  wheel  hoe  which  straddles  every  alternate  row.  While  this 
gives  the  plot  grain  some  advantage  over  the  field  crop,  it  pre- 
vents the  growth  of  weeds  almost  entirely;  this  practice,  even 
though  the  only  cultivation  applied,  is  one  of  the  factors  tending 
to  produce  average  yields  among  the  plots  greater  than  those  se- 
cured from  field  conditions. 

irrigation. — Before  irrigating  the  spaces  between  the  plots  are 
run  through  with  a  one  horse  cultivator,  carrying  a  shovel  on 
each  outside  rear  shank,  which  throws  a  lever  up  against  the 
grain.  The  water  is  then  turned  in  among  the  grain  and  is  held 
there  by  the  banks  alongside,  otherwise,  the  water  would  take  its 
course  along  the  unobstructed  paths  between  the  plots  washing 
away  the  loose  earth. 

Harvesting. — From  one-third  to  one-half  the  varieties  have  to 
be  cradled  and  tied  by  hand  because  of  differences  in  the  dates  of 
ripening  and  the  impossibility  of  getting  a  machine  to  the  plot. 
The  balance  is  cut  with  the  reaper  which  is  followed  by  gleaners 
to  prevent  waste  or  any  admixture. 

Tlires/r/ii^.— The  work  is  performed  by  means  of  a  small  separ- 
ator with  a  24  inch  cylinder  and  35  inch  body.  This  machine  is 
also  used  for  the  farm  crops  and  has  turned  out  as  much  as  900 
bushels  of  barley  in  one  day  and  1 400  of  oats  in  another.    For 
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plot  threshing,  the  body  of  the  machine  is  raised  one  and  one-half 
inches  above  level  in  front  to  make  the  interior  clean  well  and 
quickly;  no  small  screens  are  used  in  which  the  grain  would  find  a 
lodging  place  and  there  are  no  small  weed  seeds  to  separate;  the 
cleaning  is  done  by  the  use  of  large  sieves  and  carefully  regulated 
wind  power.  The  cap  beneath  the  screw  which  delivers  the  grain 
is  removed  and  the  grain  allowed  to  drop  in  a  box  beneath.  To 
prevent  mixture  the  elevators  are  allowed  to  discharge  on  the 
ground  and  this  material  is  cleaned  up  later  and  a  proportionate 
shore  of  the  weight  of  this  waste  is  added  to  each  plot.  No  two 
varieties  of  the  same  kind  go  through  the  machine  in  succession, 
so  that  the  subsequent  cleaning  can  remove  any  admixture  should 
there  be  a  grain  or  two.  The  plots  are  brought  to  the  machine 
tied  in  large  sheets  from  which  there  can  be  no  loss  or  mixing. 
Weights  before  and  after  threshing  are  recorded  while  the  work  is 
in  progress. 

This  account  of  the  detail  work  required  in  variety  grain  test- 
ing is  given  in  the  hope  that  some  features  of  the  work  may  be  of 
practical  value  to  private  individuals,  so  many  of  whom  secure 
small  quantities  of  new  grain  from  seedsmen  for  trial  purposes, 
and  in  the  handling  of  which  difficulties  are  frequently  encountered. 
We  trust  the  results  hereafter  given  will  seem  to  justif\^  the  expen- 
diture of  time  and  energy  required  in  placing  new  and  improved 
varieties  of  grain  in  the  hands  of  our  farmers. 
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Owing  to  the  changes  which  are  likely  to  occur  becau!Se  of  new- 
environments  it  is  not  possible  to  determine  the  merits  of  an  im- 
ported variety  with  any  degree  of  accuracy  in  less  than  three 
years.  Changes  most  frequently  occur  in  texture  of  grain,  yield 
and  color. 

The  following  varieties  of  wheat  were  chosen  on  the  basis  of 
quality  and  yield  and  sown  in  1901  to  increase  the  stock  for 
co-operative  purposes. 

1  Kubanka,        .221  acre  sown,  yield  13  bu.  58  lbs.  or  63. 19  bu.  per  acre 

2  WUd  Goose,    .307    "         "         **      U    "  "45.6 

3  Russian  2995,  .309    "         "         "     32    "    55    "    "   41.8 

4  Red  Fife,         .306    "         "         **      12    "    45    "    "  41,66    " 

Kubanka  and  Wild  Goose,  though  macaroni  w^heats,  w^ere 
grown  under  irrigation  without  any  apparent  softening  of  the 
kernel.  Russian  2995  was  supplied  by  the  Department  of  Agri- 
culture in  '99  and  is  one  of  the  most  promising  milling  w^heats. 
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Four  varieties  of  oats  were  selected  and  increased  with  the 
following  results  under  field  culture: 

'  Nameless  Beauty yidld  79.9  bushels  per  acre 

American  White **     79.8       ''  "      '* 

Poland  White "     79.8       "  "      •* 

White  Wonder "     85.3       "  "      " 

These  oats  were  selected  because  of  large  yield,  strong,  stiff 
straw  and  heavy,  plump  grain  with  thin  hulls.  Swedish  Select 
2788  which  jaelded  110  bushels  per  acre  in  '99  was  also  grown  in 
field  lots  for  circulation.  During  the  spring  of  *91  215  bushels  of 
Swedish  Select  and  129  bushels  of  Nameless  Beauty  oats  were  put* 
in  the  hands  of  farmers  for  seed,  the  past  season  218  bushels  of 
Swedish  Select  and  847  bushels  of  Nameless  Beauty  oats  were  sent 
out  for  seed.  These  varieties  were  started  from  a  pound  or  two  of 
seed  four  or  five  years  ago. 
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BARLEYS  OBTAINED  FROM  THE  DEPT.  OF  AGRICULTURE  1901 


.1  Barley  No.  5473,        .  167  ac.  sown,  yield  17  bu.  1  R).  or  101.9  bu.  per  ac. 

2  Princess  Kom  5472,  .143  " 

3.  Barley  5590,  .154  " 

4  Sianskolskom  5474,  .161  " 

6  Barley  5591,  .  169  " 

6  Barley  5592,  .171  " 


It  41 

l(  li 


10 

u 

36  lbs. 

or  75.1  bu.  perac. 

11 

u 

16    " 

"  73.6    "     "    " 

11 

u 

14    " 

"  70.1    "      "    " 

9 

il 

2    " 

"  53.5    "     "    " 

t 

(( 

44    " 

a   46   3      44        44      44 

9 

a 

26    " 

44  30,5    44      44    44 

.     Bavarian,  .241  "      " 

These  barleys  were  grown  under  extremely  favorable  condi- 
tions and  one  of  the  yields  in  particular  is  enormous.  These 
results,  however,  cannot  be  relied  upon  and  two  successive  years' 
trial  will  be  necessary  in  order  to  make  exact  determinations. 
Alost  of  these  new  varieties  are  early  sorts. 

Of  the  hulless  barleys,.  New  White  and  Smooth  are  little  differ- 
ent either  in  growth  or  quality.  They  are  both  preferable  to  the 
Black  Hulless  which  produces  a  profusion  of  long  awns,  rendering 
the  straw''  dangerous  to  feed.  The  straw^  of  the  New  White  and 
Smooth  Hulless  barley's  makes  good  feed,  being  leafy  and  some- 
what soft. 

Of  the  brewing  barleys  none  give  more  satisfactory  results  in 
field  culture  than  the  Chevalier,  Goldenthorpe,  New  Zealand  and 
Mandscheuri,  all  of  which  are  two  rowed  varieties  bearing  a  strik- 
ing similarity.  The  Manshury,  a  six  row  variety,  yields  a  large 
quantity  of  grain  of  good  quality  but  the  straw  breaks  easily, 
allowing  the  head  to  drop  and  large  quantities  of  the  grain  are 
lost  in  the  process  of  harvesting. 


REPORT  ON  VARIETY  TESTS  FOR  SEASON  OF  1903. 


F.  B.  L1NFIEI.D,  Agriculturist. 

To  bring  the  report  of  Prof.  Shaw's  work  up  to  date,  the 
results  with  the  small  grain  plats  for  1902  are  appended  to  his 
report.  To  permit  of  a  comparison  of  the  yields  with  Prof. 
Shaw's  report  for  the  years  1899,  1900  and  1901  the  average 
yields  for  those  years  are  placed  in  one  column  headed  **lst  report,'' 
and  the  yields  for  the  season  1902  placed  in  the  next  column.     It 
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will  be  noticed  that  both  the  yield  of  grain  and  of  straw  are  very 
much  larger  for  the  year  1902  than  for  the  previous  three  j'-ears, 
for  all  kinds  of  grain.  The  order  of  the  yields  is  also  changed 
somewhat  though  in  the  main  the  varieties  which  gave  large  yields 
for  the  three  years  are  also  near  the  top  for  1902. 

For  the  season  of  1902  the  yields  of  wheat  range  from  77 
bushels  per  acre  to  29  bushels  per  acre,  but  this  latter  y^ield  was 
the  only  one  below  50  bushels  per  acre.  These  results  are  certainly^ 
very  good  even  for  small  plats. 

The  yield  of  straw  for  the  season  of  1902  is  also  large,  viz. : 
three  to  five  tons  per  acre,  while  the  total  acre  crop  ranges  from 
four  to  seven  tons. 

Notmuch  reliance  can  be  placed  on  the  **da3^s  to  mature* 'for  the 
season  of  1902  as  the  date  in  the  record!  refers  to  when  the  crop 
was  cut,  and  much  of  the  grain  was  over  ripe.  Neither  Prof.  Shaw 
nor  myself  had  charge  of  the  work  at  this  time. 

The  yields  of  oats  as  given  in  Prof.  Shaw's  report  are  remark- 
able but  for  the  season  of  1902  are  almost  incredible  to  a  stranger 
in  Gallatin  valley.  The  range  is  from  174  bushels  per  acre  dow^n 
to  90  bushels  per  acre  at  32  pounds  per  bushel.  I  could  scarcely 
credit  this  large  yield  even  for  small  experimental  plats,  but  after 
measuring  the  plats  and  again  carefully  weighing  the  grain,  such 
are  the  results.  The  Early  Everett  oats  yielded  174  bushels  per 
acre.  On  a  plat  of  one-sixthieth  of  an  acre  the  yield  was  93 
pounds  of  oats,  or  nearly  three  bushels  at  32  pounds  per  bushel. 
A  measured  bushel  of  these  oats,  however,  weighs  over  40  pounds, 
but  in  this  record  the  standard  Montana  bushel  of  32  pounds  is 
used. 

The  yield  of  straw  per  acre  reinges  from  2Vi  to  nearly  5%  tons 
and  the  total  crop  from  4  to  7  tons  per  acre.  With  oats  as  with 
wheat  the  number  of  days  required  to  mature  for  the  season  of 
1902  is  not  reliable,  as  the  oats  were  over  ripe  when  cut. 

For  the  summer  of  1902  the  yield  of  barlej^  on  the  experiment 
plats  ranged  from  29  to  96.8  bushels  per  acre.  The  varieties  that 
gave  the  best  average  yield  for  the  three  years  are  not  far  from  the 
best  3^ielders  for  1902.  The  yield  of  straw  and  of  the  total  crop 
per  acre  is,  as  was  to  be  expected,  much  below  that  of  the  wheat  and 
oats.  The  comments  of  Prof.  Shaw  on  the  quality  of  these 
varieties  of  grain  will  apply  to  the  season  of  1902  as  well  as  for 
the  three  years  he  reports  upon. 
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VARIETY  TESTS  OF  WHEAT. 

Order  o 

f  Yield. 

• 

Grain  Per  Acre 

Straw  Per  Acre 

Days  to  Mature 

Firs^t 

Season 

First 

Seasou 

First 

Season 

First 
Report 

Season 

NAML. 

Report. 

of  1902. 

Report. 

of  1902. 

* 

Report 

of  1902. 

of  iy02. 

Bushels. 

Bushel.H. 

Pounds. 

Pounds. 

Days. 
]23 

Days. 

16 

4 

Glyndons   135 

49.3 

65.5 

4974 

7770 

129 

21 

16 

673 

46.9 

63. 

4827 

8220 

122 

129 

17 

12 

650 

47.8 

65. 

4352 

9300 

123 

129 

23 

675 

45.8 

67. 

45l4 

9481 » 

119 

129 

24 

18 

758 

45  6 

59. 

4022 

7860 

118 

129 

18 

15 

692 

47.5 

63.25 

5594 

8505 

120 

129 

5 

6 

712 

53.4 

69. 

5734 

7920 

126 

129 

U 

8 

691 

50.7 

66.5 

5320 

9210 

123 

129 

13 

17 

852 

50.9 

62. 

5542 

9180 

121 

129 

1) 

5 

774 

51.7 

70.  > 

5792 

9270 

124 

129 

14 

4 

768   

50  7 

72.5 

4727 

9750 

125 

129 

6 

6 

676 

53.2 

69. 

4855 

9660 

123 

129 

22 

10 

661 

46.7 

65.75 

5780 

9375 

122 

129 

10 

1     13 

638 

51.6 

64.5 

5240 

8430 

124 

129 

20 

13 

963 

47  2 

64.5 

5098 

6990 

121 

129 

13 

0 

WUd  Goose 

50.9 

66. 

4280 

8-280 

126 

124 

19 

22 

Velvet  Chaff  

47.4 

53. 

5616 

7380 

122 

129 

3 

1 

Pringles  Champion . . 

54.8 

4545 

8580 

116 

129 

25 

16 

DeetsRedN.  M.»).. 

42.7 

63. 

4582 

8820 

118 

129 

11 

U 

Bedford's  Hungarian 

51.4 

65.5 

5574 

8310 

120 

129 

12 

11) 

McKissocks  Fife 

51.1 

58. 

5247 

8220 

123 

12J) 

22 

22 

Bart  Triminia 

46.7 

53. 

4142 

6(560 

115 

132 

5 

3 
20 

Eldorado  

53.4 
41.5 

75.5 
57. 

r.010 

5090 

8670 
7920 

124 
117 

124 

20 

Gold  Drop  Wheat . . . 

129 

15 

4 

Wellman's  Fife 

50.2 

72.5 

5200    . 

10110 

120 

132 

12 

23 

2 

21 

Lodoga 

51.2 
52.4 
(50.7 

29. 

76.5 

55. 

3802 
4373 
5340 

7680 

10050 

8700 

112 
123 
121 

124 

8 

Kubanka  

12u 

2 

Russian  2955 

126 

27 

19 

Blounts  Hybrid 

38,6 

58. 

5753 

10800 

124 

132 

7 

14 
13 

Red  Fife 

52.5 
53.8 

64. 
64.5 

4911 
5299 

10080 
9150 

127 
123 

132 

4 

White  Chaff 

131 

1 

13 
12 

Chili 

63.5 

■  •  ■  > 

64.5 
65. 

5149 

•  »  ■  • 

9930 
9300 

123 

132 

•  • 

Battons  Blue  Stem . . 

132 
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Order  o 

f  Yield. 

V*    A     %  i  T^ 

Grain  Per  Acre. 

^?traw  Per  Acre. 

Days  to  Mature- 

First 

Season 

First 

Season 

First 

Season 

First. 

Season 

NAME. 

R«*port.* 

of  1902. 

Report. 

of  1902. 

Report 

of  1902. 

Re|X)rt 

of  1U(X:. 

4 

Bushels. 

Bushels. 
165. 

Poundx. 

Pounds. 

Days. 

Days. 

6 

Improved  American. 

94.4 

3900 

8820 

110 

126 

D 

7 
14 

i:; 

Mogbeda 

9>.7 
84.2 

84.2 

146.7 
124.6 
126.5 

3835 
4077 
3814 

10725 
8250 
7950 

112 
104 
109 

127 

Si 

Scotch 

127 

9 

Badger  Queen 

127 

2 

15 

White  Danish 

100.4 

118.1 

3784 

10620 

112 

127 

1 

8 

White  Swede 

107.3 

146.2 

4136 

9120 

113 

127 

6 

5 

Blands  White 

1)4.4 

155  6 

4347 

9300 

109 

127 

5 

12 

American  Beauty 

95.7 

130.7 

4070 

9615 

112 

124 

4 

10 

Great  Northern 

y7. 

134. 

4(X)9 

8310 

111 

124 

3 

11 

American  White 

99  2 

131 :2 

4490 

7800 

103 

123 

6 

3 
2 

1 

Progress 

94.6 
88.7 
94.1 

1(56.8 
172.5 
174.3 

3764 
3904 
3825 

8940 
8760 
8100 

113 
110 
110 

129 

8 

Wide  Awake 

124 

7 

Early  Everett 

122 

18 

Victoria  B 

90. 

•  •    -   • 

5220 

•   •  « 

122 

17 

Michigan  Wonder . . . 

100.3 

•  «   •  • 

9690 

•  ■  • 

128 

9 

Salzers  Big  Four 

136.8 

■   ■   ■   ■ 

10620 

ft  •  • 

129 

14 

Archangel 

124.6 

*  ft  •  • 

8910 

■  ft  • 

130 

16 

Alaska 

1(»5. 

»  ■  ■  • 

a300 

ft   •  ft 

122 

6 

Irish  Victor 

•  ■  ■  • 

154.8 

.... 

7050 

•  ft  ft 

124 

♦NoTK— Prof.  Shaw  took  X}  pounds  as  the  weipht  of  a  standard  bushel  of  oats.  The 
Montana  standard  is  TJ  pounds  ]>er  bushel,  the  result  as  ^iveu  in  I'rof.  Shaw's  report  are 
recalculate<l  on  this  ba*;i>. 
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VARIETY  TESTS  OF  BARLEY. 

Order  of  Yield. 

NAME. 

Grain  Per  Acre. 

Straw  Per  Acre*. 

Days 

t-o  Mature 

First 
Report 

Season 
of  1902. 

First 
Report. 

Season 
of  1902. 

Bushels. 

Fir»*t 
Report. 

Ponufls. 

Season 
of  1902. 

Pounds. 

Fir* 

r, 
(t  )S«4a8on 
»rt!  of  ]9(tt. 

Bushels. 

!*.     Days. 

1' 

9 
12 

7 

18 
20 
6 
8 
3 
5 
2 
9 
1 
5 
5 
19 

14 
12 
1) 
16 
11 
15 
6 
17 
14 

ManhattAQ 

'Berkley 

54.4 

50.7 

39.9 

67.6 

53. 

58.1 

49.7 

69.9 

54.6 

55.2 

58.4 

59.5 

59.9 

71.4 

58  5 

52.3 

•  •  •  • 

•  ■  •  • 

•  ■  •  • 

•  •  •  • 

•  •  •  ■ 

•  •  •  ■ 
■  •  •  ■ 

80. 

40.81 

29.37 

81  87 

75.9 

90. 

82.5 

93.75 

75. 

96.87 

82.5 

82.5 

36.25 

70. 

88.43 

68.12 

70.9 

71.8 

56.25 

73.75 

59.06 

81.87 

45.9 

68.12 

4183 
.3460 
2889 
3508 
3310 
2658 
3433 
4102 
3019 
2443 
3658 
4116 
3788 
3122 
3485 
4040 

•  •  •  • 

•  ■  ■  • 

•  •  ■  • 

•  •  •  • 

•  B       •      • 

•  •       •      • 

•  •      •       ■ 

5760 

4965 
4110 
6870 
7215 
6180 
5520 
7200 
6240 
5550 
6240 
5340 
3480 
4740 
5655 
6630 
5895 
4650 
5100 
5460 
4365 
(5870 
5115 
60:30 

m 

10( 

9t 

10( 

10' 

91 

9f 

la 

10.- 
9' 
lOi 
10c 
10] 

•  • 

•  ■ 

•  a 

•  • 

■     •     < 

•  ■ 

1       121 
}       121 

14 

3 

10 

Hungarian 

Mandscheuri 

Champion 

)    1    124 
5       12a 
)    ^   121 

7 

13 

2 

9 

Italian 

Winnipeg 

New  Zealand 

Delnorte 

)       120 
)       11J»- 

J     12a 

)       121 

8 
6 
5 
4 

Guy  Male 

Improved  Cheyenne. 
California  Prolific. . . 
Manshury 

)       117 
I       119- 
5       118 
J       118 

) 
6 

Goldenthorpe 

Chevalier 

)       118 
J       118. 

11 

■  « 

■  • 

Kinna  Kulla 

Princess  Kane  5472... 

Chevalier  5473 

Sianskolskom  5474. . . 
Barley  5591 

I       120 

12a 

122 
121 
120 

Nepbant 

123 

Bavarian 

119 

Barley  5590 

119 

Barley  5592 

119 
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POTATOES. 


The  following  varieties  of  potatoes  have  been  tested  on  the 
same  basis  for  three  consecutive  years,  though  many  of  them  had 
been  grown  on  the  farm  prior  to  the  season  of  1899.  In  deter- 
mining the  values  of  each  variety  the  yield,  percentage  of  market- 
able potatoes,  appearance,  cooking  qualities,  and  time  required  to 
mature  have  all  been  considered.    Actual  value  cannot  be  determ- 

f 

iTied  from  the  size  of  the  yield  as  many  of  the  largest  yielders  con- 
tain a  large  quantity  of  both  small  and  large  rough  potatoes, 
which  decrease  the  percentage  of  useful  ones.  As  a  rule  white 
rather  than  red  potatoes  find  an  easier  sale  on  the  markets. 
Potatoes  with  flesh  other  than  white  or  cream  color  are  not  desir- 
able. Those  with  a  reddish  tinge  beneath  the  surface  at  the  seed 
end  are  particularh'  objectionable.  The  Experiment  Station  is  in- 
debted to  Miss  Harkins,  professor  of  Domestic  Science,  for  the 
report  on  cooking  qualities,  without  which  it  would  have  been 
difficult  to  learn  the  actual  value  of  the  varieties.  The  notes  re- 
ferring  to  the  waste  indicate  whether  the  variety  is  smooth,  thick 
or  thin  skinned,  and  with  or  without  deep  set  ej^es. 

At  one  time  no  less  than  67  varieties  were  under  test,  but 
many  were  discarded  because  of  some  undesirable  qualities,  but 
chiefly  because  of  being  poor  keepers  during  the  storage  season. 

The  tests  were  made  in  small  plots  of  a  given  area  in  which  a 
^iven  number  of  sets  were  planted  b}-  hand  and  account  taken  of 
blanks  where  sets  failed  to  grow. 

Excessive  irrigation  will  delay  the  maturit}'  of  even  the  earliest 
sorts  and  prevent  ripening.  One  irrigation  as  potatoes  begin  to 
bloom  gave  the  best  results. 
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Four  classes  as  regards  maturity  have  been  made,  late^ 
medium,  early ,. extra  early.  Of  these  there  are  a  few  classified  as  late 
which  can  be  grown  only  in  favored  parts  of  the  state,  as  they 
fail  to  mature,  as  indicated  by  the  soggy  condition  when  cooked. 
The  medium  varieties  should  not  be  grown  above  an  altitude  of 
4,750  feet  but  the  early  and  extra  early  sorts  may  be  grown  up  to 
at  least  6,500  feet.  In  general  the  later  the  variety  or  the  longer 
it  requires  to  develop  the  greater  will  be  the  yield;  the  extra  early 
sorts  being  very  small  yielders. 

The  following  varieties  which  were  selected  for  the  field 
crop  of  1900  gave  these  results: 

1  White  Maine,  Late                   yield  at  rate  of  341  bushels  per  acre 

2  Lee's  Favorite,  Medium  "  "  293 

3  Early  Oxford,  Medium  **  "  296 

4  Acme,  Extra  Early  "  "  270 

5  Oregon  Pearl,  Medium  "  ,    "  '270 

6  Six  Week's  Mar^cet,  Extra  Early  "  '    "  261 

7  American  Wonder,  Medium  "  "  260 

8  Snow  Drop,  Medium  "  "  240         " 

9  Early  Vaughan,  Extra  Early  "  **      232 

10  Rural  N.  Y.,  No.  2.  Medium  "      •     "      173 

11  Early  Ohio,  Early  "  "      144 

Some  of  these  varieties  were  transferred  from  the  plot  to  field 
tests  before  the  close  of  plot  tests  because  of  a  knowledge  of  their 
previous  performance.  The  yields  above  given  were  greatly  re- 
duced by  inability  to  secure  water  for  irrigation  until  ten  days 
later  than  the  proper  time. 

The  varieties  planted  during  May,  1902,  for  the  fijcld  crop  are 
Freeman,  Early  Ohio,  Six  Week's  Market,  Rural  New  Yorker  No. 
2,  State  of  Maine,  Burpee's  Extra  Early,  Prize  Taker,  and  Sweet 
Home. 

« 

The  following  early  varieties  were  introduced  in  1900  and 
1901:  Vigorosa,  Kaiser  Krone,  Sweet  Home,  Early  Michigan,  Bo- 
vee,  German  Early  Rose,  Bliss  Triumph,  Pat's  Choice,  White  Ohio, 
Peach  Blow,  Pride  of  the  South,  and  Lakeside  Champion.  Not- 
withstanding the  adverse  conditions  under  which  these  were 
grown  in  1901,  their  average  per  acre  was  210  bushels  w-ith  84- 
per  cent  marketable;  all  are  early. 


((  u 
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CO-OPERATION  OF  THE  MONTANA  EXPERIMENT  STATION 
WITH  THE  FARMERS  OF  THE  STATE. 

R.  S.  Shaw,  Agriculturist. 

The  work  of  an  Experiment  Station  particularly  in  a  new 
country  is  not  well  understood,  evidence  of  which  is  found  in  the 
written  and  verbal  questions  which  are  put  to  the  workers  of  such 
an  institution.  Though  some  investigations  are  constantly^  in 
progress  with  the  object  of  securing  scientific  results  which  can  be 
given  a  practical  application,  still,  the  greater  portion  of  the  w^ork 
-of  a  new  institution  is  as  a  rule  of  a  very  practical  nature  intended 
■to  produce  results  of  direct  benefit  to  the  farmer,  stockman  and 
fruitgrower.  It  is  with  this  object  in  view  that  a  co-operative 
system  has  been  established  by  the  Experiment  Station. 

The  peculiar  and  greatly  varied  agi*icultural  conditions  found' 
within  this  state  require  an  extension  of  the  work  of  the  Station 
beyond  the  limits  not  only  of  its  own  farm  but  also  of  the  valley 
in  which  it  is  situated.  'The  state  is  one  of  communities  each  poss- 
•essed  of  a  different  variety  of  soil,  climatic  conditions,  altitude,  etc. 
As  a  result  crop  production  in  each  is  more  or  less  different  as  well 
^s  the  common  interests  of  the  people.  Because  of  these  conditions 
it  is  not  possible  to  secure  results  on  the  Station  farm  in  the  Galla- 
tin valley  which  will  be  of  service  throughout  the  state  to  the  crop 
producer.  In  order  to  overcome  the  conditions  mentioned  and 
widen  the  usefulness  of  the  institution  a  co-operative  system  was 
•established  in  1901,  the  chief  object  of  which  is  to  aid  the  farmer 
-and  stockman  in  the  production  of  grain,  grass,  forage  crops,  root 
<;rops  and  potatoes.  Varieties  of  these  crops  are  secured  by  the 
Station  from  every  possible  source  and  tested  in  small  plats  for 
three  or  more  consecutive  years,  after  which  those  of  special  merit 
are  selected  and  increased  for  co-operative  purposes  and  for  sale. 
A  full  description  of  this  work  will  be  given  in  the  annual  report 
for  the  year  ending  June  30th,  1902.  Those  varieties  which  give 
greatest  promise  of  usefulness  on  the  Station  farm  are  sent 
throughout  the  state.  While  yield,  quality, etc.  are  important  fac- 
tors in  determining  the  value  of  a  variety,  care  is  taken  to  ascertain 
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the  time  required  to  mature.  For  instance  the  earliest  barley 
grown  will  mature  in  92  days,  the  latest  one  requiring  119  days. 
This  variance  in  maturing  permits  suitable  selections  of  barley  for 
a  great  variety  of  conditions  under  a  wide  range  of  altitude.  The 
ability  of  certain  varieties  to  resist  drouth  more  than  others,  also 
effects  the  selection  for  a  given  locality  known  to  have  peculiar 
conditions.  In  sending  out  seeds  care  is  taken  to  select  those  best 
suited  to  the  conditions  existing  in  the  localitj^  where  they  are  to 
be  grown. 

During  the  spring  of  1902  this  co-operative  system  has  been 
extended  to  the  following  counties  of  the  state  with  the  number  of 
co-operators  indicated  by  the  accompanying  figures,  viz.:  Beaver- 
head 5,  Broadwater  3,  Carbon  2,  Cascade  8,  Choteau  9,  Custer  2^ 
Deer  Lodge  1,  Fergus  1,  Flathead  2,  Gallatin  8,  Lewis  and  Clarke 
1,  Madison  1,  Missoula  1 ,  Ravalli  5,  Sweet  Grass  3,  Teton  1.  Thus 
there  are  53  co-operators  in  16  counties  of  the  state.  The  only 
reason  why  every  county  is  not  represented  is  because  we  were 
unable  to  meet  farmers  in  those  counties  and  arrange  for  the  work. 
By  request,  a  few  lots  of  oats  were  sent  to  Alaska,  Kansas  and 
Minnesota.  The  United  States  Department  of  Agriculture,  Wash- 
ington, D.  C,  secured  10  bushels  of  Montana  grown  Swedish 
Select  oats  from  us  for  distribution. 

In  all  117  trial  lots  of  various  combinations  were  sent  out,  re- 
quiring the  following  materials,  viz:  oats,  2,635  pounds;  wheat,. 
150  pounds;  barley,  189  pounds;  peas,  665  pounds;  spcltz,  131 
pounds;  spring  r3'e,  45  pounds;  vetch,  15  pounds;  alfalfa,  60 
pounds;  rape,  20  pounds;  potatoes,  2,205  pounds. 

These  lots  were  furnished  free  of  charge  under  the  condition 
that  the  co-operator  pay  transportation  charges  and  report  the 
results  after  harvest.  Fifteen  trial  lots  of  maccaroni  wheat  were 
supplied  to  our  co-operators  by  M.  A.  Carleton,  of  the  Department 
of  Agriculture,  b3' special  arrangement.  The  grower  is  permitted 
to  retain  the  product  for  his  own  use.  Sufficient  seed  of  each  sort 
is  s^ipplied  so  that  the  co-operator  can  produce  sufficient  to  seed 
an  average  sized  farm  after  the  second  year  in  case  he  is  successful 
with  some  particular  variety.  By  this  method  good  varieties  are 
introduced  and  the  reports  coming  to  one  central  point  enables  the 
Station  to  determine  what  varieties  are  best  suited  to  a  given  lo- 
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cality  and  keep  a  record  of  the  sources  of  seed  supply. 

Some  gratifying  results  have  already  been  secured  from  this 
work.  The  writer  recentl3^  passed  a  fortj^  acre  field  of  New  White 
HuUess  barley  in  the  Gallatin  valley,  the  seed  of  which  came  from 
two  pounds  which  this  Station  secured  for  trial  a  few  years  ago. 
From  two  pounds  of  White  Russian  or  Swedish  Select  oats  secured 
in  1899,  215  bushels  were  sent  out  in  1901,  and  220  bushels  in 
1902.  In  the  same  way  a  trial  sample  of  Nameless  Beauty  oats 
was  increased  to  about  1,400  bushels  in  1901. 

Where  large  quantities  of  improved  grains  are  desired  by  farm- 
ers of  the  state  they  can  be  purchased  at  the  current  market  prices, 
though  in  the  case  of  a  limited  stock  the  amount  of  each  individual 
purchase  is  limited  in  order  to  permit  a  larger  number  to  secure 
grain  for  a  start. 

The  following  grains  were  sold  to  Montana  farmers  for  seed  in 
the  spring  of  1902:  oats,  34,298  pounds;  peas,  5,230  pounds; 
wheat,  1,887  pounds;  barley,  1,090  pounds,  and  potatoes,  2,305 
pounds.    In  most  cases  reports  from  these  are  also  secured. 

Of  the  4,013  bushels  of  grain  produced  on  a  part  of  the  Station 
farm  in  1901  a  portion  was  used  as  above  described,  a  large  quan- 
tity was  required  in  the  fattening  ol  the  two  carloads  of  stock,  one 
of  sheep  and  one  Of  lambs,  some  was  used  for  the  seeding  of  1902 
and  the  balance  for  the  maintenance  of  work  horses,  dair3''  cows, 
pigs  and  chickens.    No  purchases  were  made. 

•A  report  from  co-operative  work  in  Cascade  county  during 
1901  gives  the  following:  **The  one-half  bushel  of  White  Russian 
oats  I  got  last  spring  yielded  at  the  rate  of  100  bushels  per  acre. 
The  White  Maine  and  Early  Six  Weeks  potatoes  gave  the  best  sat- 
isfaction of  any  potatoes  I  ever  raised  for  quality  and  yield.  The 
mummy  peas  did  well.  I  will  have  a  fine  lot  of  seed  this  spring  to 
sow  from  your  samples.'' 

Another  report  from  Ravalli  county  says:  **The  White  Russian 
oats  received  from  your  establishment  last  spring  were  sown  April 
15th,  irrigated  June  20th,  harvested  August  15th;  yield  100  bush- 
els per  acre.    Soil  gravelly  loam.*' 

Including  the  53  co-operators  there  were  86  farmers  in  the  state 
of  Montana  growing  grain  from  Experiment  Station  seed  during 
the  season  of  1902. 
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PRODUCTS  OF  MONTANA   IRRIGATED  LANDS. 


Questions  of  irrigation  in  connection  with  the  reclaiming  of 
arid  lands  of  the  West  have  been  receiving  much  attention  of  late. 
While  it  is  generally  conceded  that  these  lands  are  wonderfully 
productive  when  placed  under  irrigation,  still  very  little  data  have 
been  secured  to  show  in  a  definite  way^the  possibilities  of  a  given 
area  under  crop  production.  Partial  reports  have  frequently  been 
given  stating  the  yield  of  individual  crops  of  alfalfa,  clover,  grain, 
potatoes  and  other  roots  and  cereals,  but  we  know  of  no  report 
by  vsrhich  the  total  yield  of  a  diversified  crop  from  a  given  area  has 
been  placed  on  record. 

In  following  out  the  many  lines  of  work  to  which  the  Montana 
Experiment  Station  farm  is  now  entirely  devoted  it  became  a  com- 
paratively easy  matter  to  determine  the  total  products  from  a 
given  area  under  cultivation,  where  irrigation  was  applied.  In 
the  varied  work  folio w^ed  in  the  methods  of  cultivation,  testing  of 
farm  crops  and  irrigation  in  its  relation  to  this  work,  it  wgis 
necessary  to  make  a  careful  survey  of  the  actual  crop  area  and  also 
a  complete  record  of  the  absolute  and  comparative  yields. 

The  Station  farm  consists  of  160  acres,  but  this  is  not  all 
available  for  the  production  of  farm  crops.  A  portion  is  used  by 
the  Horticultural  Department,  ten  or  more  acres  consist  of  seepy 
land  too  wet  to  cultivate,  w^hile  a  few  acres  comprise  a  rocky 
draw.  Some  land  is  also  occupied  for  building  sites  and  feed  yards. 
i^  small  area  of  the  farm  is  also  taken  up  by  two  roads  which  in- 
tersect it  at  right  angles.  While  there  is  considerable  so-called 
waste  land  on  the  farm,  this  area  is  being  diminished  every  year  as 
the  means  become  available  to  reclaim  it. 

During  the  summer  of  1901  118.81  acres  of  the  Station  farm 
were  used  in  the  production  of  farm  crops,  as  follows:  Grain  crops, 
72.32  acres;  clover,  43.61  acres;  potatoes  and  roots,  2.88  acres. 
These  areas  include  both  the  farm  crops  and  the  grain  plats.  The 
total  yield  of  the  farm  crops  secured  from  the  118.81  acres  is  as 
follows: 
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CEREALS. 

BUSHELS.  POUNDS. 

Barley 1,482  36 

Wheat 380  24 

Oats  . .  .• 1,911  00 

Peas 195  30 

Spring  Rye 55  35 

Total 4,0I3~ 

Total  grain  yield  would  have  been  still  larger  by  at  least  200 
bushels,  as  6.38  acres  of  peas  have  been  saved  for  hay. 

HAY. 

Clover 146.8    tons 

Pea  hay 24  24     " 


Total 171.04  tons 

STRAW. 

Oat 35.9    tons 

Wheat 14.3       '* 

Barley 45.9 

Pea 4.53     " 

Rye 1 41     " 


Total 102114  tons 

POTATOES   AND  ROOTS. 

Potatoes 342  bushels,  42  pounds 

Sugar  beets 20,120  pounds  or    10    tons     120       " 

Mangles 6,900        "        "       :i       "        900       '* 

Rutabagas 5,430        "        "       2        "     1,430        " 

Carrots 12,170        "        "       6       "        170 


Total 44,720  pounds  or    22    tons     020  pounds 

The  average  j'ield  per  acre  of  the  various  crops  are: 

Barley .27.15  acres,  yield,  1,482  bushels,  36  pounds:  average,  54*61  bushels 

Wheat 8.63      "  "         :J80         *'        24        "  "  44  08        •* 

Oats ....25.71      "  "      1,911         "        00        "  "  74.32        " 

Mummy  peas..  2M      "          '»         107         ''        50        *»             "  52.90        ** 

Canadian  Golden  Vine  Peas  (part  threshed)  averaged 37.00        " 

HAY. 

Clover 43.G1  acres,  yield,  146.8  tons  or  3.36  tons  per  acre 

ftrain  hay 6.38      **  "        21.24  **       "  3.8        "      "      " 

STRAW. 

Barley,  average  yield  of  straw  per  acre 3,385  pounds 

Oats,  "  "  "        "      ** 2,795        " 

Wheat,        "  "  "        "      '*    3315        ** 

j{,y^^  "  41  It        »(      "... 2,822        " 


( 
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POTATOES  AND  ROOTS. 

Potatoes 1.31  acres,  yield,  342  bushels,  45  pounds,  average  per  acre  261.64  bu. 

Sugar  beets  .1.00    *•  **        10  tons,      J20        "  "      10  tons,  120 pounds 

Mangels O.U    "  "         3    *'         900        **  "  *  31    "      162        " 

Rutabagas... 0.21    "  »*  2    "       1,430        "  ''      12    **      908        " 

Carrots 0.25    "  ''  6    "  170        **  "      24    "      680 

The  yield  and  averages  given  include  the  total  area  of  farm  and 
trial  crops.  The  clover  crop  of  the  past  summer  was  below  the 
average,  due  to  a  cold,  backward  spring.  The  second  cutting  gave 
by  far  the  greater  return.  A  small  lot  consisting  of  4.52  acres  pro- 
duced 14.11  tons  at  the  second  cutting.  In  1900  a  field  of  7.26 
acres  produced  36.45  tons  at  two  cuttings.  During  the  past 
season  one  acre  of  clover  sown  May  17,  irrigated  three  times  and 
harvested  September  7,  gave  a  yield  of  3,020  pounds  of  well  cured 
hay.  The  large  yield  from  the  pea  hay  was  due  to  a  particularly 
rich,  moist  soil.  The  average  of  the  potato  crop  was  probably 
reduced  somewhat  by  a  number  of  inferior  varieties  which  were 
included  in  the  tests.  The  whole  area  given  was  irrigated,  the 
barley,  wheat  and  peas  were  watered  once,  oats  twice,  and  clover 
part  twice  and  part  three  times-  We  desire  to  call  attention  to  the 
fact  that  the  averages  were  secured  from  fairly  large  areas  except 
,  in  the  case  of  the  root  crops*. 

This  data  is  furnished  for  the  purpose  of  giving  some  idea  of 
the  productiveness  of  a  Montana  farm  under  irrigation.  In  so 
doing,  however,  we  do  not  advocate  such  a  wide  diversification 
for  the  average  farmer,  as  in  many  instances  it  would  not  be  prac- 
ticable. The  cost  of  producing  this  crop  cannot  be  easily  esti- 
mated; being  a  test  crop  a  large  amount  of  additional  labor  was 
required  in  measuring  both  the  areas  and  the  water  used  in  each 
case,  and  an  endless  amount  of  separate  weighing  at  threshing 
time. 

The  value  of  the  crop  is  here  stated: 

Barley,  1,482  bushels,  36  pounds,  at  85  cents  per  hundred  weight $    G04.06 

Wheat,  (Fife)  380  bushels,  24  pounds,  at  62  cents  per  bushel 247.26 

Oats,  1,911  bushels  at  80  cents  per  hundred  weight 5.'i5.0S 

Peas,  185  bushels,  30  pounds,  at  $1  per  bushel 185.50 

Spring  rye,  55  bushels,  35  pounds,  at  $1  per  hundred  weight 31.15 

Clover  hay,  1468  tons  at  85  per  ton 734.00 

Pea  hay,  24.24  tons  at  13.50  per  ton 84.84 

Straw,  102  tons  at  «1  per  ton 102.00 

Potatoes,  342  bushels,  45  pounds,  at  81  per  hundred  weight 205.65 

Sugar  beets,  ID  tons,  120  pounds,  at  84.25  per  ton 42.75 

Rutabagas,  carrots,  mangels,  12  tons,  500  pounds  at  83.50  per  ton 42.87 

Total r2,8l6.06 


50  MONTANA    EXPERIMENT    STATION. 


The  valuations  placed  on  the  above  products  are  the  current 
prices  which  are  being  paid  for  the  same  on  the  Bozeman  market 
in  the  case  of  the  grains,  and  in  the  stack  in  the  case  of  hay  and 
straw.  These  products  will  represent  a  still  greater  cash  value 
.  after  having  been  fed  to  live  stock  and  marketed  in  the  form  of 
meat.  Proof  of  this  assertion  is  based  on  the  fact  that  during  the 
winter  of  1899  and  1900,  while  clover  was  being  sold  in  the  stack 
at  $5  per  ton,  $7.93  was  secured  by  this  Station  by  feeding  clover 
to  sheep.  It  required  11.8  pounds  of  clover  to  maintain  a  lamb 
:and  produce  a  pound  of  gain.  One  ton  of  clover  produced  169.5 
pounds  of  mutton,  which  at  $4.68  per  cwt.  gave  the  above  re- 
sult. 

Following  up  the  question  of  crop  production  under  irrigation 
in  Montana  we  find  it  bears  an  important  relation  to  the  live  stock 
industry.  In  using  the  crop  of  1900,  which  w^as  mostly  consumed 
on  the  Station  farm,  thirty-one  steers  were  fattened  for  market 
through  a  period  of  137  days;  289  lambs  were  also  fed  throughout 
120  days.  In  addition  to  this  food  was  supplied  for  eight  work 
horses,  eleven  head  of  dairy  stock,  from  sixty  to  seventy  pigs  and 
an  average  of  200  chickens.  Some  grain  was  disposed  of  for  seed 
purposes.  It  has  become  an  annual  practice  of  this  Station  to 
feed  a  carload  each  of  steers  and  lambs,  under  experiment,  for 
shipment  when  finished. 
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REPORT  OF  SIX-YEAR  ROTATION  EXPERIMENT. 


F.  B.  LiNFiELD,  Agriculturist. 

In  the  fourth  and  fifth  Annual  Reports  of  the  Montana  Experi- 
ment Station  an  account  is  given  of  the  reason^  leading  up  to  the 
starting  of  a  six-year  rotation  experiment.  Six  acres  were  set 
apart,  one  acre  for  each  crop  in  the  rotation.  From  the  fourth  An- 
nual report  I  quote:  **The  land  received  a  light  top  dressing  of 
barnyard  manure  in  1 896  and  the  bulk  of  it  had  produced  a  crop 
of  hard  Fife  wheat  the  same  year  averaging  20  bushels  i^er  acre. 
It  is  proposed  to  shift  the  crops  each  year  one  space  so  that  at  the 
end  of  the  rotation  test  the  same  crops  will  occupy  the  same  posi- 
tion that  they  did  in  the  beginning  of  the  experiment.  No  manure 
or  fertilizer  will  be  used  during  the  life  of  the  experiment.*' 

The  plat  of  ground  was  selected  because  of  its  fairly  even 
quality  and  being  fairly  representative  of  the  Station  farm. 

The  order  of  the  rotation  crops  was  as  follows: — For  plat  one, 
wheat,  clover,  barley,  roots,  oats  and  peas.  These  six  crops  were 
grown  on  all  the  plats,  but  the  first  crop  on  plat  two  was  clover, 
on  plat  three  barley  and  so  on  for  the  others.  The  arrangement  of 
the  crops  placed  a  leguminous  or  nitrogen  gathering  crop  or  a  hoe 
crop  between  each  cereal  crop.  This  is  an  excellent  arrangement  if 
it  is  desired  to  grow  equal  areas  of  as  many  varieties  of  crops. 

The  plats  apparently  received  ordinary  farm  treatment  as 
regards  cultivation  and  irrigation.  For  the  graifc  crops  the  land 
was  ploughed  in  the  autumn;  in  the  spring  cultivated  twice, 
levelled  and  rolled  before  seeding.  No  special  effort  was  made  to 
get  extraordinary  yields. 

Spring  wheat  was  grown  as  the  wheat  crop  throughout  the 
experiment  and  the  common  varieties  of  oats  and  barley  were 
used.  The  roots  grown  were  sugar  beets  and  the  peas  the  Cana- 
dian field  pea.  The  clover  was  not  sown  with  the  crop  of  the 
previous  year  as  is  generally  the  custom,  but  was  sown  in  the 
spring.  The  clover  crops  reported,  therefore,  are  the  crops  grown 
the  same  season  as  seeded.  The  clover  sod  was  plowed  up  in  the 
fall  preparatory  to  the  next  year's  crop. 


y.». 


52  MONTANA    EXPERIMENT    STATION.  ^ 


The  crop  of  1902  completes  the  six  years  of  the  experiment  as 
planned  and  the  results  are  presented  in  two  tables,  one  arranged 
by  years  and  the  other  by  plats.  In  the  earlier  years  of  the  experi- 
ment the  grain  yields  only  are  given,  the  yield  of  straw  being  neg- 
lected. The  weight  of  the  straw  would  have  added  considerable 
to  the  value  of  the  results  as  then  the  total  crop  could  have  been 
given.  Financially,  however,  the  yields  of  grain,  roots  and  hay 
are  the  important  factors  and  they  are  given  in  the  table. 

This  experiment  was  started  to  illustrate  the  advantage  of 
a  rotation  of  crops  as  contrasted  to  summer  fallowing  which  was 
practiced  to  a  large  extent  even  on  the  irrigated  farms  of  this 
state.  The  claims  for  rotation  are  that  the  fertility  of  the  land 
and  thus  the  yield  of  the  crops  could  be  maintained  by  this  method 
without  the  loss  of  a  crop,  as  is  the  case  with  summer  fallow.  Ro- 
tation, it  is  also  claimed,  is  equally  efficacious  with  summer  fallow- 
ing in  cleaning  the  land  of  weeds  and  in  overcoming  insect  pests. 

The  farm  crops  may  be  divided  into  two  main  classes,  viz.,  the 
cereals  and  the  legumes.  The  legumes  through  their  root  tuber- 
cules  have  the  power  of  gathering  the  free  nitrogen  of  the  air 
and  storing  it  in  the  top  and  root  of  the  plant.  Clover,  alfalfa, 
peas  and  beans  are  common  illustrations  of  this  class  of  plants. 
After  any  of  these  crops  are  grown  on  a  soil,  although  they  store 
ver}.'  large  quantities  of  nitrogenous  compounds  in  their  substance, 
3'^et  they  leave  the  surface  soil  richer  in  nitrogenous  plant  food 
than  the  soil  was  before  the  crop  was  grown. 

The  other  class  of  plants,  the  cereals,  such  as  wheat,  oats* 
barley  and  rye,  have  not  the  power  of  fixing  free  nitrogen,  but 
must  get  their  nitrogenous  compounds  in  a  readily  available  form. 
They,  therefore,  have  to  feed  upon  the  supply  provided  by  the 
legumes  and  left  in  the  soil  in  the  roots  of  the  leguminous  crops. 
These  crops  are,  therefore,  in  a  measure  complimentary  to  each 
other — the  one  storing  the  plant  food  in  the  soil  that  is  needed  by 
the  other. 

Summer  fallow  adds  but  little  if  anything  to  the  soil,  but 
through  the  cultivation  and  the  season's  rest  more  of  the  pl^nt 
food  in  the  soil  is  rendered  soluble  and  thus  is  available  for  future 
crops.  The  losses  due  to  leaching  of  land  when  summer  fallowed 
in  the  humid  regions  would  not  apply  to  Montana  as  here  the 
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rainfall  is  not  sufficient  to  wash  away  anj''  of  the  dissolved  plant 
food.  The  main  objection  to  summer  fallowing  and  to  the  con- 
tinued growing  of  cereal  crops  is,  first  the  loss  of  one  season's  crop, 
and  second  the  drain  on  the  soil  fertility,  particularly  on  the  nitro- 
genous compounds,  which  must  finally  result  in  ^il  depletion. 
That  even  the  very  fertile  soils  of  the  valleys  of  the  arid  region  may 
be  exhausted  by  continued  grain  growing  has  been  demonstrated 
in  many  parts  of  the  state  of  Utah  after  80  to  40  years  of  farming. 
Land  which  at  one  time  yielded  40  to  50  bushels  of  wheat  per  acre 
failed  to  produce  half  this  return  and  in  some  cases  one-fourth  of 
this  yield,  even  on  irrigated  land. 

In  a  rotation  experiment  not  only  must  the  plats  be  of  equal 
area  but  the  ground  must  be  of  as  even  quality  as  possible  for  each 
plat.  It  would  appear  that  in  this  case  some  of  the  plats  were 
more  fertile  than  others  and  this  will  partly  explain  some  of  the 
variations  noted  in  the  returns  by  year.  In  examining  the  table 
arranged  by  plats  it  will  be  noted  that  plats  five  and  six  gave  the 
largest  yield  of  wheat,  plats  two  and  six  gave  the  largest  yield  of 
barley,  plat  three  gave  the  largest  yield  of  clover,  plats  four  and 
six  the  largest  yield  of  sugar  beets  and  plats  one,  four  and  six  the 
largest  yield  of  oats.  In  summing  up  it  will  be  noticed  that  plat 
six  gave  the  largest  yield  for  three  crops  and  came  near  to  the  top 
for  every  crop.  Several  of  the  other  plats  gave  much  higher  yields 
for  some  crops  than  for  others.  These  facts  must  be  remembered  in 
considering  the  results  by  j^ears. 

Next  considering  the  results  by  3'ears:  The  spring  wheat  gave 
the  largest  return  in  the  second  year  on  plat  six  though  the  third 
3rear  was  nearly  equal  to  it.  The  fourth  year  the  yield  fell  oflF,  but 
for  the  fifth  and  sixth  3'ears  the  crop  was  practicallj'^  equal  to  the 
crop  of  the  first  year. 

The  clover  crop  on  the  whole  shows  a  very  uniform  yield  for 
all  the  years.    The  sixth  year  gave  the  largest  yield. 

Barley  gave  the  largest  return  in  the  fourth  year  on  plat  six 
with  the  second  year  next.  Eighty-seven  and  a  half  and  83^4 
bushels  per  acre  are  certainly  very  good  returns.  The  third  and 
fifth  year's  crop  was  over  60  bushels  per  acre,  and  the  sixth  crop 
was  six  bushels  larger  than  the  first  crop. 

The  crop  of  sugar  beets  was  larger  the  first  3'ear  than  for  any 
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year  later,  viz.  13V^  tons  per  acre.  Plat  six  in  the  fifth  year  gave 
the  next  largest  yield,  viz.  10  tons  per  acre.  The  sixth  year's  crop 
falls  nearly  five  tons  behind  the  first  year  but  it  is  over  1%  tons 
larger  than  the  crop  of  the  second  year. 

The  larger  yield  of  oats  was  in  the  fifth  year  with  85  bushels 
per  acre.  This  crop,  however,  maintained  a  high  average  all 
through  the  test  after  the  first  year.  The  crop  for  the  sixth  year 
was  35  bushels  larger  than  for  the  first  year. 

In  the  record  book  the  crop  of  peas  for  the  first  year  is  as  given 
in  the  table,  54  bushels  per  acre.  But  in  the  fifth  Annual  Report 
of  the  Station  the  reported  y^ield  is  29V^  bushels.  Again  for  the 
sixth  year  several  hogs  had  the  run  of  the  fields  for  a  month  or 
more  while  the  peas  were  on  the  ground,  and  this  undoubtedly  re- 
duced the  yield  as  threshed.  On  another  part  of  the  farm  the  same 
variety  of  peas  gave  a  ver}'^  much  larger  3'^ield.  For  these  reasons 
the  first  and  last  year's  results  are  not  to  be  relied  upon.  For  the 
other  years  the  results  are  fairly  uniform: 

Considering  the  results  as  a  whole  and  allowing  for  the  varia- 
tions in  the  fertility  of  the  difl'erent  plats,  I  believe  the  results  show 
that  the  crop-producing  ability  of  the  land  has  been  maintained. 
The  largest  average  returns  from  the  cereal  grains  was  in  the 
second  year.  Barley  gave  the  largest  yield  in  the  fourth  year  and 
oats  in  the  fifth  year. 

To  draw  any  positive  conclusion  would  not  be  warranted  for 
two  reasons.  First,  there  is  evidently  a  difference  in  the  fer- 
tility of  the  plats,  or  of  their  adaptibility  to  the  various  crops.  In 
the  second  place,  climatic  conditions  might  have  very  much  in- 
fluence in  increasing  or  decreasing  the  yield  of  certain  crops  in  cer- 
tain years.  It  is  a  well  known  fact  that  some  seasons  are  much 
more  favorable  to  certain  crops  than  are  other  seasons  and  thus 
to  draw  correct  conclusions  from  the  crop  yield  as  to  the  results  of 
a  certain  rotation,  the  general  climatic  conditions  and  their 
general  effect  upon  the  crops  for  any  particular  season  must  be 
known.  This  record  is  not  available,  at  least  I  can  find  no  data 
on  the  subject  in  the  records. 

To  get  conclusive  results,  this  test  should  be  continued  for  an- 
other six  to  twelve  years.    It  is  thought,  however,  that  while  this 
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is  a  good  rotation  yet  it  is  scarcely  practical,  and  so  the  matter 
will  be  taken  up  in  another  form  and  a  direct  comparison  made 
with  summer  fallow. 

There  are  several  ways  in  which  the  principles  involved  in  this 
rotation  may  be  realized  and  yet  afford  a  shorter  rotation  and 
more  elasticity  in  the  acreage  of  the  various  crops  grown.  A  few 
such  rotations  are  suggested: 

No.  1.    Wheat  and  barley. 
Clover. 
Roots,  oats  and  peas. 

A  three  year  rotation  throwing  a  third  of  the  farm  into  wheat 
and  barley.  Another  third  into  clover,  an  enriching  crop,  and  an- 
other third  into  roots  or  potatoes,  oats  and  peas. 

Yet  another  possibility  is: 

No.  2.    Wheat  and  barley. 
Clover  and  peas. 
Potatoes,  roots,  oats  and  barley. 

This  would  give  a  larger  crop  of  cereals;  two  fields  of  barley 
each  year.    The  clover  crop  would  also  be  smaller  than  in  No.  1. 

Other  combinations  can  be  readily  worked  out,  the  idea  being 
to  rotate  the  cereal,  the  enriching,  or  nitrogen-gathering  crop,  and 
the  land-cleaning  crop.  The  manure  should  be  applied  to  the 
nitrogen-gatheriijg  crop  as  this  will  increase  the  vigor  of  the  crop, 
and  enable  it  to  store  an  increased  amount  of  plant  food  for  the 
succeeding  crops. 


56 


MONTANA    EXPERIMENT    STATION. 


1 


U 


o 


o 


4> 


c 
« 

J. 
ttl 

< 


H 

I— I 


< 


o 


!     I— • 


I— ( 


2 


lA  CO  00  «— I 


eS  C 


G^  CC  T*1  lO  ^  i-H 


2 


Sec 


§  « 


09   00 

^-^  I— I  ^-^  lO  I'- 
l.O  «  CO  p  00  cc 


ee  o 


«'*OCO  t-HC^I 


2 


«' Jill  s" 

»o  ^9  o  '9 1- 

^  f~  Cf^  "^  cr»  cc 

«  CC  t-  CO  o 

ao«-<  i>- 


(d  0 


^  iTiO  --NCC 


2 


S2  m  *  en  50*  CD 

^  g|  CO  cc  I'  -1 

Q        CO        '* 
(71  CC        O        CO 


O  CO  ^  S^l  «  "* 


« 

-f. 

•c 

w 

0/ 

>* 

•"-" 

>! 

Q 

X 

«  o 


=  Js  5S  2  2 
3  ''^  JO  *^  ^  jo 

CT  •—  CO  O  — "  '"^ 
lO  CO  X  ?1  X  Ol 


CO  i-H  (?!  CO  Tt<  UO 


■K- 

« 

93 

• 

cfi  Oi 

s 

CO 

COO 

lO  "^H 

i^ 

■* 

00  ?1 

'-MO 

''S 

-•■J 

«  0 

1-1  5^  CO 'H  in)  CD 

fl,;e 

o 


4^  hi 


en 
o 


ce  oj  0/ b    . 

»-^  — ^    08   D    CC   Oi 


X 

3 

& 

es 

-T 

K 

•/. 

^ 

S 

a; 

£i 

^ 

a 

7^ 

9 

7.      - 


?     X     £ 


^  =  fl. 

•^       **       *^ 

"^    Ci  cc 


F:  o  "^ 

.x  •/.  5 

&  c  o 

5    5,   ^ 

<~  »^  . 

X   *   tac 

c^   &  .= 
«  «   c 

p 

'i's  2 

^  .J 

s   c  g 

c  a  S; 

s  s  .§ 

£  E  £ 
♦  -♦-•♦■■♦• 


9 

M 


5 

o 

u 

CQ 


4> 


flQ 

< 


(1^ 


P^ 


00    CO    2    {^    CO    00 

3  S  fl  S  S  3 


S-^^S 


a  od 

XX 


X 


^  g^  cri  ^  00  cc 


«9  o  \wo 
c>ico  coco 

Id  1—1 


g^  O  —  (N  t--  X 
X  o  o  ^  X  X 

1— •  — ^  1— (  r  H  -H  T-t 


2 


CO 


00 


GO 


3^  3 


00 


00    K 

3  3 


-    L^  ^-X--l^-H\ 
QQ  --^  Th  G<4  ^  <^ 
CO  CO  Iff  I-  X  CO 
0^ 


--£1  t-xc; 

O  Q  Wi)  Ci  C2 
O^  ^  X  X  X 


.    .i 


CO 


cc  " 


CO 


3  .^  3  3 


COQCDNXt- 

•"SSx"^'^^ 

O1C0  -^ 


^  01  I'  X  o: 

80  0  0^^ 
C2  X  X  X 


2 


GO 


CO 


5a 

^   lO 


%  X 


«} 


CO 


-I   CO 


cc 

3 

in 

CO 

Ift 


CO 

3 
I- 


X  c: 

X  X 


Si 


°S   00 
3*2 

co<5 

Ttl  IC 


CO 


cc 

3i5 


00 

3 


SO     « 
1—1  » 


cd 


lO 

X 


■» 

00 

3 


e5 


t'  X 

XX 


a 

Ci 
X 


O 


■  .    CO 

■  •  -t-i 

.  .  ^ 

C3   O  0)  ^ 


III III 


9 

e 

0 

Xi 

^ 

s 

• 

d 

> 

X 

4^ 

X. 

e 

■*j 

T 

'X 

9 

s 

a 

►» 

^ 

a 

a 

-^ 

.a 

5 

t*: 

■*> 

JO 

X 

•« 

>* 

^ 

•c 

s 

S 

li4 

X, 

u 

^ 

«• 

^ir 

b 

jt 

X 

«a 

X 

«i> 

a 

_ 

s 

^ 

s: 

u 

r 

5 

X 

o 

o 

• 

a 
a 

4^ 

X 

X 

X 

s 

<■■, 

jT 

0. 

^■4 

^ 

& 

u 

•y. 

0. 

(i> 

X. 

e 

a 

a 

JS 

w 

,c 

p-*^ 

<» 

S 

■T 

1) 

« 

& 

>» 

> 

'4-> 

5 

'i 

6 

-tf 

«A 

ki 

k. 

a 

21 

i 

0.' 

9 

a  «  « 

e 

2 

as 

a 

^ 

?> 

a 

a 

k 

a 

-^ 

■^ 

< 

Vi 

X 

JS 

^ 

^4 

s: 

PU 

Pb 

^ 

ANNUAL    REPORT,    n  -     57 


CHEMICAL  DEPARTMENT. 


F.  W.  Traphagen,  Chemist. 


SUGAR    BEETS. 


The  past  season  has  brought  a  disappointment  in  the  co-oper- 
ative sugar  beet  work.  From  over  500  samples  of  seed  sent  out 
only  thirty  farmers  have  returned  beets  for  analysis. 

The  season  has  not  been  as  favorable  to  the  growth  of  good 
beets  as  the  preceding  summer,  yet  the  results  are  exceedingh^ 
gratifying,  and  give  renewed  confidence  in  the  belief  expressed 
repeatedly  in  the  past,  that  ** Montana  conditions  are  favorable  to 
the  production  of  sugar  beets  of  high  sugar  content  and  standard 
purity." 

The  richest  lot  of  sugar  beets  so  far  produced  in  Montana  was 
grown  this  year.  These  beets  contained  22.8  per  cent,  sugar,  and 
w'ere  grown  in  Valley  Count\%  bj^  W.  M.  Wooldridge,  of  Hinsdale. 

Because  of  misplacement  of  notes  on  the  variety  tests  of  beets, 
incident  to  Prof  Shaw's  departure,  all  of  this  work  is  lost  for  the 
present  year.  This  is  particular!}^  unfortunate  for  the  analysis 
has  shown  a  marked  difference  in  composition  in  the  different 
varieties. 
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ANALYSES  OF  QRAS5ES. 


Appended  is  a  series  of  analyses  of  grasses,  both  on  the  air 
dried  and  water  free  basis,  These  grasses  were  collected,  by  Mr. 
Spragg  and  are  described  in  bulletin  No.  36.  The  analyses  show  that 
grasses  of  the  same  species,  gathered  at  different  periods  at  different 
stages  of  growth,  may  differ  in  composition  to  a  greater  degree 
than  grasses  of  totally  different  genera,  collected  under  similar 
conditions. 

DESIRABILITY  OF  DIGESTION  EXPERIMENTS. 


Definite  knowledge  of  the  composition  and  digestibility  of 
Montana  forage  plants  is  very  desirable,  but  until^  facilities  are 
provided  at  the  Experiment  Station  for  carrying  on  this  highly 
important  work,  we  w^ill  be  compelled  to  do  without  this  informa- 
tion. It  is  ver3'.  generally  believed  that  our  range  grasses  are 
unusually  nutritious,  but  aside  from  noting  the  growth  of  cattle 
feeding  on  these  grasses,  nothing  has  been  done  to  secure  definite 
information. 

These  observations  have,  of  necessity,  been  too  general  in  their 
character  to  be  of  much  use.  The  only  way  to  get  this  informa- 
tion is  by  conducting  careful  feeding  tests  under  conditions  abso- 
lutely under  control,  in  which  the  digestibility  of  each  of  the 
important  grasses  with  cattle,  swine,  sheep  and  horses  shall  be 
determined.  It  is  hoped  that  the  legislature  will  make  such  work 
possible  by  providing  suitable  quarters,  materials  and  apparatus 
for  carrying  on  the  work. 
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FLAX. 

Mr.  Daniel  Payne,  of  Monarch,  Mont.,  supplied  me  with  a 
sample  of  flax  g^own  in  1901,  which  yielded  the  following 
analysis: 

Moisture 3.72  per  cent. 

Crude  Protein 22.30   " 

Ether  Extract  (Oil) 39.18 

Nitrogen,  Free  Extract 26.58 

Crude  Fibre 5.20    "       " 

Ash 3.22    *' 

The  very  high  grade  of  this  sample  will  be  appreciated  when 
noted  in  comparison  with  the  product  of  other  countries. 

Flanders 39  per  cent. 

Russia a5   "  " 

Nantes 33   "  " 

Brittany 31    "  " 

Hamburg 30    "  " 

St.  Petersburg 29    " 

Montana 39.2"  " 

The  results  show  that  Montana  may  be  expected  to  yield 
crops  of  flax  seed  containing  an  unsurpassed  quantity  of  oil,  and 
would  indicate  another  crop  which  might  profitably  be  added  to 
those  already  successfully  cultivated. 

The  oil  cake  left  after  extracting  the  oil  is  a  very  rich  cattle 
food  and  would  serve  a  very  useful  purpose  in  finishing  stock  for 
the  market. 

HARDENING  OF  SOFT  WHEAT. 


The  following  remarkable  change  in  composition  and  charac- 
teristics was  found  in  the  case  of  ^^'-heat  grown  from  soft  wheat 
seed  without  irrigation: 


Crude 
Moisture      Protein 

Soft  wheat  seed 7.87  8.81 

Hard  wheat  from  above. .  .7.65         14.44 


Ether 

N-Free 

Crude 

Extract 

Eztruct 

Fibre 

Asl> 

1.93 

76.99 

2.60 

1.80 

2.23 

7]  .33 

2.65 

1.70 

The  samples  from  which  the  above  results  were  obtained  were 
furnished  by  Mr.  Daniel  Payne  of  Monarch. 
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SOFTENING  OF   HARD  WHEAT. 


The  question  of  the  change  of  the  protein  content  of  grains 
under  irrigation  is  receiving  considerable  attention  in  our  labora- 
tory, and  we  hope  to  furnish  soon  some  figures  to  illustrate  fully 
these  changes. 

The  purpose  of  this  work  is  to  learn  how  to  control  the  per- 
centage of  protein  and  also  to  increase  it  when  it  is  desired. 


GRASSES  FROM  ALKALI  DISTRICTS. 


Mr.  I.  D.  O'Donnell  of  Billings  furnished  five  samples  of  grass, 
the  composition  of  which  is  given  in  the  table  following: 


AIR-DRY  BASIS. 


Agropyrou  spicatum  S &S  *'Blue  Stem" 

Poa  arida,  Vasey 

Poa  flava,  L.  "Red  Top" 

Stipa  comata,  Trin.  <fe  Ruf r 

Btipa  viridiila,  Triu 

WATER-FREE  BASIS. 

Agropyrou  spicMitam  S  &  S  "Blue  Stem" 

Poa  arida,  Vasey 

Poa  flava,  L.  "Red  Top" 

Stipa  comata,  Triu.  &  Ruf r 

Stipa  viridula,  Triu 


Lab. 
No. 


2010 
2012 
2009 
2013 
2011 


Mois- 
ture. 


4.f)2 
5.62 
5.36 
5.00 


Crude 
Protein 


2010 
2012 
2009 
2013 
2011 


7.00 
5.75 
7.94 
5.75 

8.40 


Ether 
Extr. 


4.00 
3.25 
4.10 
3.33 
3.50 


N-free 
Eztr. 


7.39 
6.02 
8.41 
6.07 

8.84 


40.52 
44.08 
39.24 
55.39 
41.11 


4.22 
3.40 
4.34 
3.51 
3.68 


42.81 
46.17 
41.58 
58.52 
43.27 


Crude 
Fibre. 


34.80 
37.70 
33.90 
26.05 
36.20 


36.77 
39.48 
35.92 
27.52 
38.10 


A5h. 


8.33 
4.70 
9.20 
4.12 
5.79 


8.80 
4  92 
9.74 
4.35 
6.09 


REHARKS. 

2009 — Oat  green,  grows  iu  damp  alkali  places. 

2010    Hesper  farm,  rauk  growth,  cut  late,  seeded  out,  yield  about  2  tons. 
2011— A  new  grass  to  neighborhood.      Found   in   strongest  alkali  places 
where  only  foxtail  and  this  grass  grow. 

2012-  Grows  along  ditches  on  Hesper  farm. 
2013    Makes  good  hay  when  cut  green. 
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WHEAT  ANALYSIS. 


A  wheat  locally  known  as  *'Lemon  Rye"  and  as  **Wild  Goose 
wheat/'  grown  by  J.  W.  Kelley,  Lewistown,  gave  the  following 
analysis: 


Lab. 

Crude 

Ether 

N-free 

Crude 

No. 

Moisture 

Protein 

Extract 

Extract 

Fibre 

Ash 

2rj6l 

8.17 

14.56 

1.53 

71.44 

2.24 

2.0(> 

Concerning  this  wheat  Mr.  Carleton,  cerealist  of  the  United 
States  Department  of  Agriculture,  has  this  to  say: 

**The  wheat  is  correcth'  called  Polish  wheat,  belonging  to  the 
sub-species  Triticum  polonicam.  Wild  goose  wheat  is  a  very  differ- 
ent sort,  belonging  to  the  durum  or  macaroni  wheat  group.  Polish 
wheat,  however,  is  also  used  for  making  macaroni  and  is  very  hard 
grained,  which  is  probably  the  reason  why  it  has  been  confused 
with  the  varieties  of  macaroni  wheat.  The  sample  you  enclose  is 
an  unusually  good  specimen  of  this  wheat,  the  grains  having  the 
full  length  and  size  otherwise.  A  number  of  samples  that  I  have 
received  from  other  parts  of  the  country  have  been  rather  inferior.'" 


CONSERVATION  OF  SOIL  FERTILITY. 


When  attention  has  been  called  to  the  wasteful  methods  fol- 
lowed by  most  of  our  farmers  throughout  the  state,  the  methods 
w^hich  take  plant  food  from  the  soil  without  returning  anything, 
the  rejoinder  has  usually  been,  *'0h  w^ell !  the  water  we  use  in  irri- 
gation more  than  makes  up  for  the  losses  by  removal  of  crops. '^ 

An  inspection  of  the  facts  will  show  that  this  is  far  from  being 
true.  On  the  basis  of  a  yield  of  only  fourteen  bushels  of  wheat  per 
acre,  and  the  average  for  the  United  States  is  slightly  less  than 
that  amount,  and  assuming  two  pounds  of  straw  for  each  pound 
of  grain,  the  amount  of  plant  food  removed  from  each  acre  is  as 
follows: 

Nitrogen 29.73  pounds 

Phosphoric  acid 9  49       ** 

Potash 13.69 
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The  lowest  price  attached  to  these  foods  in  commercial  mixed 
fertilizers,  which  will  have  to  be  resorted  to  ultimately  if  present 
methods  are  continued,  is  for  ammonia  fifteen  cents  a  pound,  for 
phosphoric  acid  four  and  a  half  cents  a  pound  and  for  potash  five 
and  a  half  cents  a  pound. 

Applying  these  prices  to  the  quantities  removed  by  the  wheat 
crops  cited  abojjd  gives  the  following  results: 

Ammonia  (17-14  nitrogen)  29.73  pounds  at  15  cents $5.41 

Phosphoric  acid,  9.45  pounds  at  4.5  cents 42 

Potash,  13.69  pounds  at  5.5  cents 75 


f6.58 


As  a  matter  of  fact  in  Montana  where  thirty  or  forty  bushels 
are  not  uncommon  yields,  as  a  consequence  the  drafts  on  the  soil 
are  far  greater  than  in  the  case  of  the  smaller  yields.  Thus  from 
thirteen  to  eighteen  dollars  or  even  more  may  be  removed  by  a  sin- 
gle wheat  crop  from  each  acre. 

Now  let  us  see  what  we  have  to  compensate  us  for  such  losses. 
Appended  is  the  result  of  analysis  of  a  series  of  waters  which  are 
typical  of  Montana  irrigating  waters.  The  results  are  expressed 
in  parts  per  million  and  can  be  converted  approximately  into 
pounds  per  acre-foot  by  multiplying  by  two  and  three-quarters 
which  is  about  the  number  of  millions  in  weight  of  an  acre-foot. 
Multiplying  this  product  in  turn  by  the  price  per  pound  oi  the 
plant  food  as  previously  given  we  get  the  value  of  the  plant  food 
contributed  by  the  irrigation  water. 

This  amount  is  pitiably  small  when  considered  as  a  means  of 
supplying  the  food  annually  required  by  the  crop. 

IRRIOATINQ  WATER.— Results  expressed  in  parts  per  1,000,000. 
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DESCRIPTION. 
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An  inspection  of  the  table  shows  the  phosphoric  acid  to  range 
in  quantity  from  forty-four  hundredths  down  to  twenty-two  hun- 
dredths parts  per  million.  The  larger  amount  would  be  equivalent 
to  about  five  cents  worth  of  phosphoric  acid  per  acre-foot  of  water 
applied,  while  the  maximum  quantity  of  potash  was  one  and  nine- 
tenths  parts  per  million,  equalling  five  pounds  jjer  acre  foot,  and 
worth  twenty-eight  cents. 

The  nitrogen  is  found  only  in  minute  quantities,  amounting  to 
only  a  few  parts  in  one  hundred  million,  an  amount  so  inconsid- 
erable as  to  be  of  little  value,  and  some  is  supplied  in  rains  and 
snows.  Add  to  this  the  fact  that  the  nitrogenous  plant  foods  are 
those  most  easily  lost  by  careless  methods  of  culture,  and  note  that 
this  most  expensive  plant  food  is  the  one  most  extensively  removed 
by  the  crops  under  consideration,  and  the  importance  of  immediate 
attention  to  this  point  will  at  once  become  apparent. 

Two  methods  of  meeting  the  issue  are  proposed,  these  are  tried 
and  proved  and  will  not  be  experiments.  First  restore  the  nitro- 
gen of  the  soil  by  a  system  of  rotation  introducing  leguminous 
plants,  preceded  if  necessary,  by  the  application  of  nitrate,  and 
second,  feed  as  much  of  the  produce  of  the  farm  as  is  practicable, 
marketing  your  produce  **on  the  hoof  *  as  far  as  you  find  it  possible 
to  do  so. 

If  this  practice  shall  be  adopted  before  it  becomes  too  late 
Montana  will  be  a  state  where  the** worn  out  abandoned  farm*'  is 
unknown. 

Up  to  the  present  time  commercial  fertilizers  so  common  in 
other  states  have  found  no  sale  in  Montana.  But  now  manufac- 
turers are  turning  their  attention  to  us  as  probable  customers,  and 
already  numerous  enquiries  are  being  received  by  the  Station  con- 
cerning laws,  markets  and  conditions.  The  amount  of  commer- 
cial fertilizers  that  will  be  sold  in  Montana  in  the  future  depends 
very  largely  upon  how  well  the  farmer  regards  the  frequent  warn- 
ings given  him,  and  how  successfully  he  applies  the  remedies 
proposed. 

It  is  not  too  soon  to  pay  close  attention  to  the  use  of  farmyard 
manures  and  to  the  sheep  manure  so  plentiful  in  m^ny  parts  of  the 
state. 
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STOCK  WATERS. 


In  many  portions  of  the  state  a,re  alkali  pools  and  alkali 
springs.  As  water  is  scarce"" the  question  of  the  suitability  of  these 
waters  for  use  by  stock  becomes  a  very  important  matter.  Through 
the  courtesy  of  Mr.  I.  D.  O'Donnell,  of  Billings,  I  have  secured 
samples  of  water  typical  of  the  alkali  districts.  A  table,  giving  in 
part,  the  composition  of  these  waters  is  added  for  inspection.  Most 
of  these  waters  are  very  largely  used  for  watering  sheep  and  cattle 
and,  except  in  the  instances  mentioned,  appear  to  be  well  adapted 
to  this  purpose,  the  relativeh'^  large  proportion  of  salts  appearing 
to  produce  no  bad  results. 

ALKALI    WATERS.    Parts  per  Million. 


998 
1007 
1985 


Caster  Cattle  Co.,  main  watering  place . . 
I.  D.  O'Donnell,  10  acre  farm  Billings. . . 
Ed.  Cardwell,  four  miles  west  of  Billings 


Chlo- 
rine. 


752.4 

U16.8 

424.0 


Com- 
mon 
Salt. 


1239.87 

2334.72 

698.7 


Sulph- 
uric 
Acid. 


1433.44 

6399.7 

2933.0 


Glau- 
ber's 
Salt. 


5769.59 
21733.79 
11805.3 


Notable  exceptions,  however,  are  numbers  1,007,  which  is  pos- 
itively refused  by  stock,  and  1,985.  The  latter  water  is  certainly 
the  cause  of  the  death  of  a  considerable  number  of  head  of  cattle, 
particularly'-  of  young  stock. 

Mr.  Cardwell  kindly  furnished  us  with  a  considerable  quantity- 
of  this  water,  which  comes  from  a  well  on  a  farm  which  is  used  for 
winter  feeding  stock.  This  water  is  pumped  into  troughs  by  a 
windmill  from  a  depth  of  about  40  feet. 

Mr.  Chesnut  conducted  some  experiments  to  determine  the 

effect  of  this  water  on  sheep,  and  although  as  much  as  two  and  a 

half  quarts  were  administered  at  a  time  to  an  adult  ewe,  no 
physiological  effect  was  produced.  It  is  probable  that  the  ill 
effects  from  the  use  of  this  water  are  only  experienced  by  young, 
weak  or  tired  animals. 

There  are  few  waters  in  the  state  more  highly  charged  with 
hiineral  salts  than  the  sampleis  in  the  table,  and  it  may  be  taken  as 
almost  an  axiom  that  whatever  water  is  drunk  by  stock  on  the 
range  is  a  fairly  safe  water. 
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PUBLICATIONS. 


Since  the  issue  of  the  last  annual  report  a  bulletin  on  sugar 
beets  has  been  published  from  this  department,  one  on  food  adul- 
teration is  in  the  press  and  two  more,  one  on  sugar  beets,  and  one 
on  flax  in  Montana,  are  in  preparation. 


MISCELLANEOUS. 


Other  matters  receiving  attention  are  on  the  effects  of  tailings 
and  tailings  waters  on  vegetation,  adaptation  of  crops  to  cer- 
tain soils,  liming  or  other  treatment,  the  changes  undergone  by 
grains  under  irrigation  and  studies  of  soils,  etc. 

The  routine  work  of  the  department  has  grown  far  beyond  the 
capacity  of  the  present  laboratory  staff  consisting  of  Mr.  Burke 
and  myself,  who  have  only  part  of  our  time  to  devote  to  the  labor- 
ator3''  work,  much  time  being  given  to  administration,  teaching 
and  Farmers  Institute  work.  My  own  time  could  most  profitably 
be  occupied  in  matters  of  administration  and  research,  but  under 
existing  conditions,  much  of  it  must  be  given  to  purely  routine 
work,  which  a  low  salaried  assistant  could  perform  very  satisfac- 
factorily  under  my  supervision.  It  is  extremely  doubtful  if  there  is 
another  Experiment  Station  in  the  country  with  as  small  a  lab- 
oratorj'^  corps. 

I  would  most  respectfully  urge  the  appointment  of  an  assistant 
for  mj'  department  as  soon  as  funds  can  be  found  for  the  purpose. 
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BOTANICAL  DEPARTMENT. 


J.  W.  Blankinship,  Botanist. 

The  work  of  this  department  during  the  eighteen  months  cov- 
ered by  this  report  has  been  devoted  mainly  to  a  study  of  the 
poisonous  plants  of  the  state,  their  distribution  and  periods  and 
conditions  under  which  most  poisonous,  in  regard  to  which  a 
preliminary  report  has  been  published  in  the  Proceedings  of  the 
Fifth  Annual  Session  of  the  Pacific  Northwest  Wool  Growers* 
Association  (pp.  49-54)  and  in  various  newspapers  of  the  state. 
During  the  present  season  this  work  has  been  confined  mainly  to 
the  loco  plant  and  some  very  interesting  data  have  been  ob- 
tained. A  large  part  of  the  state  has  been  covered  and  the 
observations  extended  to  the  stock  on  the  ranges,  while 
much  valuable  information  has  been  secured  from  stockmen  and 
others  in  the  states  adjoining,  so  that  the  bulletin  on  the  subject 
■soon  to  be  issued  will  be  more  comprehensive  than  if  confined  to 
the  conditions  of  this  state  alone.  Sets  of  the  poisonous  plants 
have  been  placed  in  ten  of  the  chief  stock-growing  centers  and  these 
with  our  descriptive  bulletins  will  give  the  stockmen  and 
lierders  sufficient  information  to  enable  them  to  avoid  the  poison- 
ous localities  during  the  danger  season. 

Much  work  has  also  been  done  during  the  year  in  the  study  of 
the  forest  conditions  of  the  state,  in  the  determination  of  species 
and  their  distribution,  as  the  most  efficient  means  for  recognizing 
the  different  biological  and  agricultural  zones  of  the  state.  In  this 
work  a  number   of  the  mountain  ranges  grazed    by  sheep  dur- 
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ing  the  summer  have  been  examined  and  at  no  point  have  any 
evidences  been  found  of  injury  to  the  forest  growth  by  such  pastur- 
age, as  they  are  herded  exclusively  upon  the  mountain  meadows. 

Six  Farmers'  Institutes  were  attended  during  the  year  and  a 
paper  was  published  in  their  First  Annual  Report  on  **Shade  Trees 
and  Ornamental  Vines  suitable  for  plantingin  Montana,"  a  subject 
in  regard  to  which  a  number  of  inquiries  have  been  made. 

During  the  time  covered  by  this  report  the  botanist  has  trav- 
eled 8,267  miles  by  rail  and  1,046  by  other  conveyance  in  connec- 
tion with  his  field  work  and  other  duties  of  his  office  and  he  has 
endeavored  to  familiarize  himself  with  the  actual  agricultural  con- 
ditions existing  in  the  different  parts  of  the  state.  The  correspond- 
ence of  the  department  is  rapidly  increasing  and  in  fact  is  more 
than  five  times  as  much  as  during  the  same  period  immediately 
preceding.  The  table  below  will  show  the  general  nature  of  this 
correspondence  and  the  principal  inquiries  made  at  this  office: 

Received.    Sent. 

Poisonous  plants 95  102 

Publications  and  Bulletins 54  66 

Apparatus  and  Supplies 89  29 

Determination  of  Species 34  34 

Collections  and  Exchanges 30  25 

Books  for  Library 21  15 

Forage  Plants 13  15 

Weeds 7 12  13- 

Official  Communications 12  14 

Shade  Trees  and  Ornamental  Vines 10  10 

Cultivated  Plants 5  9^ 

Questions  of  Native  Flora 10  lO* 

Press  Communications 9* 

Native  Hedges 6  6 

Fungi  and  Plant  Diseases 5  6 

Forestry 2  2 

Miscellaneous,  unclassified 24  25 

Total 372  390 

This  correspondence  is  little  indication  of  the  work  done^ 
for  in  the  matter  of  the  determination  of  species  alone^ 
more  than  800  plants  have  been  sent  in  during  this  time  for 
determination  and  additions  are  being  made  to  our  herbarium  at 
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the  rate  of  about  1,800  a  year.  This  entails  an  enormous  amount 
of  work  of  a  character  which  in  large  part  can  not  be  relegated  to 
student  labor.  Yet  through  this  means  and  the  regular  field  work 
of  the  department  a  strong  herbarium  is  being  built  up  of  these 
scientific  collections,  which  must  be  invaluable  in  the  study  of  the 
natural  history  of  the  state  and  very  necessary  to  the  economic 
work  of  this  deparment. 

NOTES  ON  WEEDS. 


During  the  year  my  attention  has  been  called  to  several  special 
troubles  in  this  line. 

The  alialfa  dodder  (Cuscuta  epithymum,  Murr.  and  C  arven- 
sis  J  Bej'^r.)  has  been  reported  troublesome  in  two  localities 
in  the  alfalfa  belt.  This  is  a  queer,  yellow,  wax-like  parasite 
sometimes  called  **love  vines,'*  which  fasteng  itself  to  the  alfalfa 
and  saps  its  strength  and  has  been  known  to  practically  extermin- 
ate whole  fields  of  this  plant.  It  is  much  worse  in  Utah  and 
southward  than  here,  where  the  climate  appears  to  restrict  its 
spread,  but  it  is  a  most  dangerous  introduction  and  it  has  not  yet 
been  demonstrated  that  it  is  not  adapted  to  the  conditions  prevail- 
ing in  the  Yellowstone  valley,  so  it  should  be  exterminated  on 
appearance  without  the  risk  of  experiment.  Two  localities  where 
it  has  been  reported  are  in  the  vicinity  of  Cl3'de  Park  in  the  Shields 
River  region  and  Big  Elk  on  the  Musselshell,  where  it  has  been  in- 
troduced from  Utah  seeds  and  has  caused  considerable  trouble.  It 
has  appeared  in  the  Madison  valley  and  at  several  other  places  in 
the  state,  but  has  died  out  for  some  reason  with6ut  doing  an3'^  par- 
ticular damage.  It  can  be  exterminated  by  mowing  closelv'  the 
infested  spots  and  burning  them  over  when  dry.  More  detailed 
information  can  be  secured  in  regard  to  this  pest  by  sending  to  the 
Division  of  Botany,  Washington,  D.  C,  for  their  **Circular  Xo. 
14, '*  (free). 

A  native  Coreopsis  (C.  tinctoria,  Nutt.)  appears  to  be  in  the 
way  of  becoming  a  nuisance  in  the  Milk  River  region,  where  it  has 
spread  from  its  native  habitat  in  ditches  and  wet  places  into  fields 
and  low  land  meadows,  where  it  is  crowding  out  the  blue-joint  and 
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timothy  and  its  tough  stems  clog  up  the  mowers  so  that  it  is  diffi- 
cult to  care  for  the  hay.  The  large  yellow-rayed  flowers  make  it 
very  ornamental  and  it  is  frequently  found  in  cultivation,  where 
the  rays  often  become  parti-colored  with  purple.  The  plant  is  an 
annual  with  finely  divided  leaves  and  spreading,  branched  stem 
about  two  feet  high.  The  seeds  are  carried  by  water  mainly,  and 
it  appears  to  be  able  to  stand  anj'thing  short  of  black  alkali,  so 
that  if  it  should  prove  of  any  value  as  a  forage  plant,  it  might  be 
utilized  in  alkali  places,  where  most  other  plants  are  killed.  It  ap- 
pears to  be  common  in  the  Milk  River  region  from  Malta  west- 
ward to  Cut  Bank  and  is  one  of  the  prominent  flowers  in  ditches 
along  the  railways;  it  also  has  spread  southward  nearly  to  Great 
Falls  and  occurs  at  Thompson  Falls  in  the  extreme  western  part 
of  the  state,  though  here  probably  escaped  from  cultivation.  It  is 
locally  abundant  in  this  northern  section  of  the  state,  but  of  doubt- 
ful occurrence  elsewhere  within  our  limits.  Coming  up  from  the 
seed,  as  it  does,  each  year,  it  ought  not  to  be  difficult  to  exterminate 
it  in  pastures  and  meadows  by  cutting  it  before  it  matures  its 
seed,  while  its  short  root  and  conspicuous  yellow  flowers  would 
enable  it  to  be  found  and  hand-pulled  without  difficulty. 

It  is  necessary  to  warn  the  people  of  the  state  against  allowing 

the  Eastern  Dandelion  {Taraxacum  officinale^  Weber)  to  secure  a 
foothold  in  lawns  and  meadows,  as  in  most  places  it  is  a  most  per- 
nicious weed  and  difficult  to  eradicate.  It  fairly  takes  the  meadows 
in  parts  of  the  Beaverhead  and  Big  Hole  valleys  and  there  seems  to 
be  no  way  to  stop  it  short  of  plowing  up  these  meadows  infested 
with  it  and  sowing  them  in  grain  for  a  few  years  till  it  is  killed  out 
by  cultivation.  A  weed  law  is  badly  needed  that  will  allow  com- 
munities to  co-operate  and  exterminate  these  pests  systematicall3' 
at  public  expense,  and  if  such  a  law  is  not  soon  made  our  yards, 
farms  and  ranches  will  become  as  badlv  infested  as  those  of  the 
Eastern  states. 

RANGE  IMPROVEHENT. 


Already  the  ranges  in  most  parts  of  the  plains  region  of  Mon- 
tana begin  to  show  the  evil  effects  of  overstocking  and  in  many 
localities  are  practicalh^  exhausted.  This  is  particularly  true  of 
the  main  lines  of  travel  pursued  by  the  different  bands  of  sheep  and 
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in  the  vicinity  of  shipping  points  and  shearing  corrals,  while  in 
many  fenced  inclosures  and  even  on  the  open  range  the  grass  is  be- 
coming more  and  more  sparse,  so  that  only  long  rest  or  replanting 
can  ever  make  them  capable  of  supporting  the  herds  and  flocks, 
which  they  formerly  nourished.  While  these  ranges  were  public 
lands  no  one  cared  to  make  improvements,  which  he  must  share 
with  the  general  public  or  of  which  he  might  legally  be  dispossessed 
at  any  time,  but  within  the  last  few  years  the  stockmen  in  nearly 
every  part  of  the  state  have  begun  the  more  practical  policy  ot 
purchasing  outright  their  holdings  and  fencing,  them  for  private 
use  and  but  for  the  policy  of  the  government  in  holding  the  public 
lands  for  actual  cultivation,  the  arid  range  would  soon  be  under 
fence  as  private  ranches. 

Nevertheless,  much  of  it  is  now  so  held  and  the  question  of  the 
improvement  of  these  fenced  ranges  so  as  to  make  them  capable  of 
supporting  as  large  a  number  of  animals  as  possible  to  a  given 
acreage  is  becoming  of  more  and  more  importance  and  there  is  a 
constanth^  increasing  demand  for  methods  of  restoring  these  worn- 
out  ranges  and  making  them  more  productive,  so  that  during  the 
field-work  of  the  summer  this  matter  has  been  constantly  kept  in 
view,  and  effort  has  been  made  to  ascertain  by  observation  and 
inquiry  what  species  can  best  withstand  this  close  grazing  and  are 
most  nutritious  and  palatable  for  stock,  as  well  as  the  general 
effects  produced  by  over-pasturage. 

The  effect  of  close  grazing  varies  with  the  species,  some  grasses 
being  quickly  exterminated,  others  persisting  in  a  scattered  or 
weakened  condition,  while  still  others  not  only  persist  under  these 
untoward  conditions,  but  actually  are  caused  to  stool  out  and 
spread  by  such  grazing  and  their  seeds  are  scattered  in  the  offal. 

What  are  these  latter  species  and  how  can  they  be  established 
in  localities  where  they  are  most  needed?  There  are  at  least  three 
species  that  seem  to  fulfill  these  conditions  in  a  greater  or  less 
degree,  and  I  think  most  of  the  stockmen  will  agree  with  these 
conclusions. 

The  **Blue-joint'*  {Agropyron  spicatum,  Pursh  and  related 
species)  is  one  of  these  and  its  value  for  hay  and  for  grazing  is  too 
well  known  to  need  mention.  This  is  found  throughout  most  of 
the  plains  region  and  occurs  in  low  ground  mainly,  where  there  is 
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not  too  much  alkali,  and  forms  the  best  native  hay  lands  of  this 
region.  Where  it  is  too  wet  it  is  drowned  out  and  replaced  by  wire 
grass,  rushes  and  sedges;  in  the  drier  situations  its  place  is  taken 
by  other  dry  land  species.  This  makes  the  best  hay  on  the  market 
and  the  only  thing  that  prevents  it  from  becoming  a  leading  grass 
in  cultivation  is  its  relatively  thin  distribution  and  consequentl3'' 
small  yield.  It  spreads  freely  by  underground  shoots  and  can 
stand  a  good  amount  of  pasturage,  but  a  varietj'^  has  not  yet  been 
found  that  will  afford  a  growth  sufficient  to  compete  with  timothy, 
alfalfa  or  clover.  Its  chief  economic  use  is  to  afford  a  wild  hay  on 
uncultivated  ground,  where  irrigation  is  not  possible.  It  is  prob- 
able that  by  experimental  cultivation  we  may  find  a  variety  or 
secure  one  by  selection  that  will  become  one  of  the  important  hay 
crops  for  the  arid  regions. 

The  second  is  the  **Grama*'  or  **Buffalo  Grass"  {Bouteloua 
oligostachyay  Torr).  This  species  also  extends  throughout  all  the 
interior  plains  of  the  United  States  and  into  Canada  and  Mex- 
ico, but  seems  not  to  be  found  west  of  the  Rockies  or  eastward 
beyond  the  semi-arid  plains  bordering  the  prairie  belt,  extend- 
ing from  Minnesota  to  Texas.  In  Montana  it  is  confined  strictly 
to  the  plains  in  the  eastern  part  of  the  state  and  its  general  abund- 
ance in  the  southeast  and  relative  rarity  toward  the  north  and 
west  of  this  region  would  seem  to  indicate  a  southeastern  origin 
and  a  relatively  recent  introduction,  probably  by  the.  agency  of  the 
buffalo,  as  it  spreads  very  slowly  and  has  not  yet  occupied  many 
lands  of'  the  state  to  which  it  is  perfectly  adapted.  It  seems  to  be 
steadily  displacing  the  other  grasses  on  the  benches  and  uplands 
wherever  the  ranges  are  closely  grazed  and  where  it  has  secured  an 
introduction.  It  spreads  in  every  direction  from  a  central  tuft  b^^ 
creeping  root  stocks,  rooting  as  it  goes,  and  thus  forms  a  deep  turf 
crowned  with  short,  close-set  leaves  from  which  the  fruiting  stems 
rise,  so  that  close-grazing  in  no  wise  injures  the  steady  spread  of 
the  plant  or  its  healthy  growth,  indeed,  it  even  appears  to  stool 
the  more,  when  the  leaves  and  fruiting  stems  are  thus  cropped. 
This  **grama  grass"  has  long  been  known  for  its  curing  and  fatten- 
ing* qualities  and  it  will  support  more  stock  to  the  acre  than 
any  other  native  species,  while  it  is  perfectly  hardy  in  the  driest 
situations  and  does  fairly  well  in  the  lower  valleys  where  the  soil 
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is  not  too  moist.  This  and  the  blue-joint  aptly  supplement  each 
•other,  the  latter  doing  well  only  in  the  moister  situations.  This 
buffalo  grass  is  the  grass  for  planting  on  the  exhausted  ranges,  as 
there  is  no  other,  native  or  introduced,  that  can  approach  it  in  the 
all-round  qualities  needed  for  withstanding  close-grazing  and 
arid  situations  and  yet  afford  the  best  curing  and  fattening  quali- 
ties. 

There  is  a  third  grass  w^orthy  of  mention,  because  its  value  has 
been  long  and  well  tested  in  the  plains  of  Nebraska,  Kansas  and 
Texas,  and  because  its  habits  approach  closely  those  of  the  pre- 
ceeding  species  with  which  it  has  been  often  confused.  This  is  the 
true  **Buffalo  grass"  or  the  '^Little  Buffalo  grass,"  {Bulbilis  dacty- 
loides^  Raf)  as  it  is  sometimes. called  to  distinguish  it  from  the 
preceding  species.  This  is  now  spreading  into  the  state  from  the 
southeast  and  has  extended  up  the  Yellowstone  as  far  as  Forsyth, 
though  it  is  relatively  yet  rare.  This  is  smaller  and  even  closer  set 
than  the  grama  grass  and  its  fruiting  stalks  are  not  half  as  high. 
It  spreads  in  the  same  way  by  "runners"  lying  close  to  the  ground 
and  rooting  at  the  joints,  but  these  runners  are  much  longer  than 
in  the  preceding  species  and  consequentlj' its  spread  should  be  much 
faster. 

These  three  grasses  seem  to  offer  a  solution  for  the  exhausted 
ranges  of  the  state,  for  the  last  two  at  least  cannot  be  killed  by 
ordinary  pasturage  and  furnish  far  more  and  better  forage  than 
the  common  range  grasses.  The  problem  seems  to  be  how  to 
secure  the  seed  and  when  and  how  best  to  plant  them  on  the 
ranges.  At  present  no  seed  house  appears  to  have  these  seeds  in 
stock  and  the  Station  is  unable  to  supply  them  and  until  regular 
plantings  are  made  and  these  species  put  upon  the  market,  we  shall 
have  to  wait  and  conduct  the  experimental  work  at  the  Station 
here.  Nevertheless,  it  is  possible  for  the  stockmen  to  purchase  ha3'' 
made  up  mainl3' of  these  grasses  and  by  feeding  it  on  the  ranges 
where  it  is  desired  to  plant  the  buffalo  grass  or  the  blue  joint,  it 
can  be  thus  slowlv  established. 

It  is  not  intended  to  say  that  these  are  all  the  grasses  adapted 
to  our  needs  here,  for  there  are  doubtless  others  more  or  less  suited 
to  our  climatic  conditions,  but  the  value  of  these  three  species  has 
long  been  recognized  and  the^^  seem  to  possess  all  the  characteris- 
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tics  desired  of  grasses  suitable  for  planting  on  these  worn-out 
ranges.  Experiments  are  being  conducted  at  this  Station  and,  if 
other  species  are  found  to  meet  our  needs,  the  matter  will  be  called 
to  the  attention  of  the  stockmen. 


SHADE  TREES  AND  ORNAMENTAL  VINES  IN  MONTANA. 


As  the  result  of  observations  in  the  different'  parts  of  the 
state  and  of  the  work  at  the  Station,  it  is  now  possible  to 
determine  with  fair  certainty  many  of  the  shade  trees  and  orna- 
mental vines  adapted  to  the  climatic  conditions  of  Montana. 
These  results  have  been  published  in  the  First  Farmers*  Institute 
Annual  (pp.  202-210),  but  a  brief  summation  will  here  be  given  for 
the  benefit  of  those  who  have  not  access  to  that  report. 

For  general  agricultural  and  horticultural  purposes  the  state 
of  Montana  may.be  divided  into  four  general  divisions  determined 
by  climate: 

1.  The  Eastern  Plains,  comprising  mainly  the  valleys  of  the 
Missouri  and  Yellowstone  below  the  mountains  with  their  imme- 
diate tributaries,  the  conditions  of  the  higher  benches  and  uplands 
being  more  nearly  that  of  the  next. 

The  most  reliable  and  most  satisfactory  shade  tree  here  is  the 
common  cottonwood  {Populus  deltoides)  of  the  bottoms  and  its 
near  but  more  graceful  relative  the  Carolina  Poplar.  The  Lom- 
bardy  poplar  (P.  dilatafta)  should  do  fairly  well  in  this  region, 
although  it  does  not  appear  to  have  been  planted  to  any  extent, 
and  its  tall  spire-shaped  habit  would  make  in  very  effective  in 
beautifying  the  landscape  in  the  wider  parts  of  these  valleys.  The 
silver  poplar  also  flourishes  here,  but  as  elsewhere  sprouts  badly. 
Russian  poplars  have  been  found  hardy  and  the  European  willow 
{Salix  fragilis  or  S.  alba)  are  perfectly  adapted  to  this  region  and 
the  latter  lends  a  pleasing  variety  to  the  wide  leaved  trees  usually 
planted,  while  the  weeping  willow  (S.  Bahylonica)  is  still  more  or- 
namental and  can  be  grown  here  wherever  there  is  sufficient  water 
for  irrigation.  ' 

The  green  ash  {Fraxinus  viridis)  is  a  native  throughout  most 
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of  this  region,  but  is  not  as  good  a  shade  tree  as  the  white  ash  (F. 
Americana) J  which  has  already  been  planted  to  some  extent  and 
seems  fairly  w^ell  adapted  to  the  climate  at  the  lower  elevations. 

The  linden  or  linn  (Tilia  Europsea  and  T.  Americana)  grow 
well  here  wherever  they  have  been  planted  and  the  various  maples 
will  also  be  found  hardy,  probably  as  far  up  as  Great  Falls  and 
Billings,  while  the  box-elder  {Negundo  aceroides)  is  everywhere 
planted.  Three  of  the  oaks  have  also  been  found  hardy  here,  the 
red  {Quercus  rubra) y  the  white  {Q,  alba)  and  the  bur-oak  {Q.  mac- 
rocarpa).  It  Is  also  probable  that  the  various  birches  and  the 
mountain  ash  {Pirus  sambucifolia  and  P.  Aucuparia)  can  be  made 
grow  without  difficulty,  although  they  are  better  adapted  to  the 
other  regions  of  the  state.  The  evergreens  are  unlikely  to  do  well 
here  without  careful  attention,  although  the  red  cedar  {Juniperus 
scopulorum),  the  scrub  pine  (Piiiusscopu/oruni)  and  the  white  pine 
(P.  fragilis),  occurring  native  over  part  of  this  region,  are  the  most 
promising-  The  small  trailing  juniper  (J.  Sabina  procumbens)  has 
also  been  successfully  transplanted  and  makes  a  beautiful  orna- 
ment for  the  yard. 

This  section  is  particularly  adapted  to  the  various  ornamental 
vines  for  covering  porches,  houses,  etc.  The  hop  is  everywhere 
planted,  as  is  the  wild  cucumber  (Echinocystis  lobata),  while  the 
Virginia  creeper  {Ampelopsis  quinque folia) ^  the  wild  clematis 
(Clematis  ligusticifolia) ,  the  Canary  bird  flower  {Tropseolum 
peregrinum) ,  the  morning  glory  and  the  sweet  pea  are  frequently 
found.  The  beautiful  large-flowered  species  of  imported  clematis 
seem  also  to  grow  without  special  protection,  while  nearly  all  the 
eastern  annual  vines  arid  flowers  will  do  well  in  these  lower  valleys 
wherever  sufficient  water  for  lawn  irrigation  can  be  secured. 

2.  Mountain  Valleys  (east  of  the  Divide,  mainly),  including 
the  Gallatin,  Madison.  Jefferson,  Beaverhead,  Upper  Missouri, 
Deer  Lodge  and  others  between  3,000  and  5,000  feet  elevation. 

The  usual  shade  trees  here  are  the  Balm  of  Gilead,  the  lance- 
leaved  and  the  narrow-leaved  cottonwoods — all  native,  as  is  also 
the  quaking-asp,  frequently  found.  The  river  cottonwood  and  the 
Carolina  poplar  are  grown  under  favorable  conditions,  but  are  not 
well  adapted  to  this  altitude.  The  maples  all  winter- kill,  except  the 
native  shrub  maple  (Acer  glabrum)  of  the  mountains  and  the  oaks 
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^and  the  elm  are  utisuited  to  the  climate,  although  the  latter  and 
the  bur-oak  are  growing  in  sheltered  locations  at  Bozeman.  The 
box-elder  does  well  at  Helena,  but  is  clearly  not  adapted  to  most 
of  these  valleys,  and  the  same  may  be  said  of  the  linden  and  the 
two  species  of  ash,  although  the  green  ash  can  be  made  grow  in 
many  places.  All  the  birches  and  the  mountain  ash  are  here  in 
their  prime  and  nearly  all  the  species  of  evergreen  flourish.  The 
silver  poplar  and  the  European  willows  will  grow  under  ordinary 
-conditions,  although  the  first  has  been  found  rather  tender  and  the 
weeping  willow  is  yet  doubful.  The  Lombary  poplar  winter-kills 
liere  badly  and  the  dead  central  trunks  become  unsightly,  but  the 
Russian  poplars  seem  perfectly  hardy. 

All  the  vines  first  mentioned  as  adapted  to  the  plains  region 
also  do  well  in  these  valleys,  but  the  season  is  too  short  for  many 
of  the  annuals,  like  the  flowering  clematis  and  the  morning  glory, 
as  they  are  apt  to  be  killed  by  early  frosts  before  they  have  attained 
i:heir  perfection. 

3.  The  Western  Valleys,  including  the  Flathead,  the  Bitter 
Root,  Clark's  Fork  and  the  Kootenai,  where  the  rainfall  is  greater 
and  the  temperature  more  uniform,  avoiding  the  extremes  of  heat 
and  cold  found  east  of  the  Divide.  This  is  pre-eminently  the  horti- 
-cultural  section  of  the  state  and  in  many  parts  of  this  region,  with 
irrigation,  the  same  shade  trees  and  ornamental  plants  may  be 
^own  as  in  the  eastern  states.  The  elm,  buckeye,  horsechestnut, 
the  maples,  oaks,  the  locust  {Robinia  pseudacacia) y  the  honey 
locust  {Gleditschia  triacantbos) ,  as  well  as  all  the  trees  grown  in 
the  other  sections  of  the  state,  can  be  grown  here  without  difficulty. 
The  Lombardy  poplar  and  the  Carolina  poplar  appear  to  be 
favorite  trees  of  the  Bitter  Root  region  and  the  Balm  of  Gilead  is 
-everywhere  planted,  while  the  two  species  of  ash,  the  mountain 
ash,  the  willows  and  birches  with  the  evergreens  of  common  culti- 
vation are  more  or  less  frequent. 

All  the  ornamental  vines  mentioned  in  the  first  group  will  do 
well  here  and  in  addition  a  large  number,  if  not  all  of  those  found 
adapted  to  Massachusetts,  New  York  or  Michigan,  provided 
-sufficient  water  can  be  supplied  during  the  drier  parts  of  the 
summer.  Although  I  am  not  aware  that  any  experiments  have 
yet  been  made,  there  is  no  climatic  reason  why  the  Boston  ivy 
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(Ampelopsis  tricuspidata)y  the  various  honeysuckles  including  our 
native  species  (Lonicera  ciljosa)^  the  bittersweet  {Celastnis 
scandens),  the  Aristolochia,  the  various  species  of  clematis,  the 
matrimony  vine  (Lycium  Chinense)  and  even  the  grape  should  not 
be  made  grow  in  many  localities  with  proper  care. 

4.  Mountains  above  5,000  feet.  Curiously  enough  this  line 
limiting  the  successful  growth  of  crops,  such  as  wheat,  oats  and 
potatoes,  appears  to  be  some  2,000  feet  higher  east  of  the  Conti- 
nental Divide  than  west  of  it  in  the  Flathead  region,  although  far- 
ther south  this  line  of  climatic  stress  rises  till  at  Deer  Lodge  and  in 
the  Bitter  Root  valleys  it  is  nearly  the  same  on  both  sides  of 
the  range,  (5,000  feet). 

There  are  many  mining  towns  and  camps  and  a  number  of 
summer  resorts  above  this  line  of  cultivation,  which  also  limits  the 
growth  of  most  of  the  shade  trees.  Here  it  will  be  necessary  to 
fall  back  upon  the  native  trees,  as  few  introduced  species  can  stand 
the  climate.  The  Balm  of  Gilead  can  be  grown  successfully  up  to 
6,000  feet,  or  even  to  6,800  in  the  mountains  in  the  plains  region. 
The  quaking  asp  ( Populus  tremuloides)  can  be  grown  in  wet  situa- 
tions up  to  8,000  feet,  but  is  best  used  to  form  groves  about  springs 
or  to  form  shelters  for  dwellings  in  the  more  exposed  situations. 
In  the  lower  situations  near  this  line  the  native  alder  (AInus  tenui- 
folia),  and  birches  (Betula  papyrifera)  and  {B.  occidentalis) ^  the 
mountain  ash  (Pyrus),  the  native  willows  and  the  various  species 
of  native  pine,  fir  and  spruce  will  furnish  a  fair  variety  for  shade, 
shelter  and  ornamentation,  while  the  beautifal  native  flowering 
clematis  {Clematis  Columbiana)  can  be  made  to  trail  over  veran- 
das, fences  and  shrubbery  in  a  way  that  cannot  be  done  at  lower 
altitudes,  while  irrigation  will  rarely  be  found  necessary  except  on 
the  drier  mountain  sides.  It  is  probable  that  the  cut-leaved  birch 
(Betula  alba  laciniata)  and  the  pendulous  mountain  ash,  as  well  as 
many  of  the  spruce,  firs  and  other  cultivated  conifers  can  be  planted 
successfully. 

As  yet,  this  ornamental  planting  is  confined  largely  to  the 
the  cities  and  towns  possessing  water-works  or  an  irrigation 
s\'stem,  but  there  are  many  country  homes  that  rival  these  city 
habitations;  yet  it  is  surprising  to  see  how  few  houses  and  yards, 
even   in     the    larger    towns    and    cities     have    these   beautiful 
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natural  protections  from  the  heat  of  summer  and  the  bleak  winds 
of  winter  and  their  absence  can  be  explained  only  on  the  false  as- 
sumption that  the  usual  shade  trees  and  vines  will  not  grow  in  this 
climate  and  that  native  trees  are  undesirable. 


WORK  AS  LIBRARIAN. 


In  addition  to  my  work  as  botanist,  it  has  also  fallen  to  my 
lot  to  act  as  the  librarian  of  the  Station.  I  have  had  general 
charge  of  the  work  of  completing  the  various  sets  of  state  and  gov- 
ernmental publications  received  by  the  Station  and  am  glad  to 
report  that  in  addition  to  the  forty-six  volumes  of  the  Bulletins 
and  Reports  of  the  various  Experiment  Stations  of  the  different 
states  bound  last  year  about  180  more  volumes  have  recently  been 
completed  and  sent  to  the  binder,  so  that,  although  a  number  of 
them  yet  remain  more  or  less  imperfect,  we  shall  have  an  almost 
complete  set  of  these  valuable  publications  for  consultation  in  the 
w^ork  of  the  Station.  In  addition  complete  sets  of  the  bulletins  of 
this  Station  have  been  sent  to  every  public  library  in  the  state,  so 
as  to  make  them  more  available  to  the  general  public.  This  is  now 
the  more  necessary  as  many  of  these  bulletins  are  out  of  print  and 
it  w^as  only  with  the  greatest  difficulty  that  sufficient  numbers 
were  obtained  to  complete  these  several  sets.  In  order  to  make 
the  various  subjects  embraced  in  our  publications  more  accessible, 
an  index  covering  the  entire  period  was  prepared  for  Bulletin  No. 
28  and  has  been  continued  in  each  annual  report  succeeding.  I 
have  also  had  general  oversight  over  the  work  of  mailing  the  bul- 
letins of  the  Station  and  I  would  recommend  that  the  mailing  list 
be  printed  and  the  mailer  be  used  throughout  for  the  work  of 
issue.  One  other  pressing  need  for  the  Station  library  is  that  all 
the  books  belonging  to  the  Station  be  properly  labeled  and  cata- 
logued with  a  card-index  of  titles  and  subjects,  as  this  would  make 
available  a  great  mass  of  special  agricultural  literature  now 
unknown  and  needed  for  the  w^ork  of  the  several  departments  of 
the  Station. 
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ENTOMOLOGICAL  DEPARTMENT. 


R.  A.  CooLEY,  Entomologist. 

The  experiences  of  the  year  have  shown  the  great  need  of  ento- 
mological research  in  Montana.  A  large  amount  of  damage  is 
being  done  by  native  insects,  and  verj'  little  light,  comparatively, 
has  been  thrown  on  their  habits  and  the  wavs  to  combat  them, 
many  species  never  having  received  more  than  passing  mention  in 
entomological  literature.  These,  as  well  as  many  introduced 
species,  well  known  elsewhere,  for  their  destructiveness,  demand 
attention  in  order  that  their  habits  may  be  worked  out  and  reme- 
dies or  preventive  measures  devised. 

Montana  is  enjoying  with  the  rest  of  the  country  a  season  of 
almost  boundless  prosperity,  parallel  with  which  is  a  great  mer- 
cantile activity.  Manj"  heavily  loaded  trains  bearing  agricultural 
products  and  merchandise  cross  our  borders  from  the  outside  each 
day.  The  invariable  experience  of  the  past  has  been  that  such 
mercantile  practices  are  responsible  to  a  great  extent  for  the  spread 
of  injurious  insects  from  one  countr3'  or  section  to  another.  We  do 
not  hesitate  to  say  that  many  insects  are  being  deposited  in  the 
state  from  other  places  each  year. 

The  following  list  gives  the  names  of  species  that  have  been 
detected  in  the  state  and  which  are  believed  not  to  be  native  of 
Montana: 
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The  apple  leaf-aphis,  Aphis  pomi  De  G. 

The  currant  aphis,  Myzus  ribis  Linn. 

The  cherry  aphis,  Myzus  cerasi  Fab. 

The  plum  aphis,  Aphis  pruni  Fab. 

The  lettuce  aphis,  Nectarophora  lactucae  Kalt. 

The  cabbage  aphis,  Aphis  brassicae^  Linn. 

The  elm  gall-aphis,  Schizoneura  americana  Rile^'. 

The  hop  aphis,  Phorodon  hamuli  Schr. 

The  rose  aphis,  Nectarophora  rosae  Linn. 

The  grain  aphis,  Nectarophora  granaria  Kirby. 

The  oyster-shell  barklouse,  Mytilaspis  pomorum  Bouche. 

The  bedbug,  Cimex  lectularia  Linn. 

The  rose  **thrips,''  Typhlocyba  rosae  Linn. 

The  carpet  beetle,  Anthrenus  scrophulariae  Linn. 

The  plum  curculio,  Conotrachelus  nenuphar  Linn. 

The  larder  beetle,  Dermesies  lardarius  Linn. 

The  Colorado  potato  beetle,  Doryphora  decemlineata  Say. 

The  house  fly,  Musca  domestica  Linn. 

The  horn  fly,  Haematobia  serrata  Rob.-Desv. 

The  gooseberry  fruit  worm,  Dakruma  convolutellaHnhcr. 

The  codling  moth,  Carpocapsa  pomonella  Linn. 

The  bud  moth,  Tmetocera  ocellana  Schifl*. 

The  case  making  clothes  moth.  Tinea  peJionella  Linn. 

The  cabbage  plutella,  Plutella  cruciferauum  Zell. 

The  strawberry  leaf-folder,  Phoxopteris  comptana  Ffohl. 

The  currant  stem  borer,  Sesia  tipuliformis  Clerck. 

The  European  cabbage  butterfly,  Pieris  rapae  Linn, 

The  red  humped  apple-tree  caterpillar,  Oedernasia  concinna 
S.  &  A. 

The  cigar  case  bearer,  Coleophora  fletcherella  Fern. 

This  list  is  not  designed  to  be  complete  but  contains,  rather, 
such  species  as  have  come  prominently  under  notice. 

It  is  sometimes  noticeable  that  native  species  which  have 
transferred  their  attack  from  indigenous  plants  to  introduced 
ones,  are  markedly  destructive.  Some  of  our  most  injurious  spe- 
cies are  natives  of  this  section  and  occur  in  great  numbers  in  the 
open  country.  The  strawberry  weevil  that  is  doing  such  disas- 
trous work  in  the  Rattlesnake  valley  is  an  example  of  this  class. 
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This  beetle  {Otiorhynchvs  ovatus  Linn.),  while  occurring  generally 
in  the  state,  appears  in  enormous  numbers  locally.  One  such  colon  v-        ^ 
was  found  in  the  Bitter  Root  valley  far  away  from  any  straw- 
berry fields.    Were  strawberries  to  be  planted  in  this  vicinity  they 
would  doubtless  be  completely  w^iped  out. 

The  number  of  jiative  injurious  species  is  ver\'^  large.  Among 
the  more  prominent  ones  that  have  been  recorded  at  this  office  are 
the  following : 

The  rosebud  curculio,  Rhynchites  bicolor  Fah. 

The  strawberry  root  weevil,  Otiorhynchus  ovatus  Linn. 

Wire  worms  in  grain,  Elateridae. 

The  spotted  blister  beetle,  Epicuta  maculata  Brunner. 

Various  shade  tree  borers,  Cerambyqidae. 

The  willow  leaf  beetle,  Lina  scripta  Fab. 

The  potato  flea  beetle,  Bpitri^  cucumeris  Harris. 

The  willow  flea  beetle,  Crepidodera  helxines  Linn. 

Poplar  aphids,  (at  least  five  species)  Aphidae. 

The  woolly  aphis  of  the  apple,  Schizoneura  lanigera  Hausni. 

The  pine  leaf  scale,  Chionaspis  pinifoliae  Fitch. 

Putnam's  scale,  Aspidiotus  ancylus  Putnam. 

The  western  Pulvinaria,  Pulvinaria  innumerabilis  occidentalis 
Ckll. 

Many  leaf  hoppers,  Jassidae. 

The  tarnished  pl^t  bug,  Lygus  pratensis  Linn. 

The  boxelder  plant  bug,  Leptocoris  trivittatus  Say. 

The  American  roach,  Periplaneta  americana. 

Many  species  of  locusts,  Acrididae. 

The  native  currant  fly,  Ragoletis  ribicola  Doane. 

The  tent  caterpillar,  Clisiocampa  erosa. 

The  army  cutworm,  Chorizagrotis  agrestis  Groate. 

Many  other  cutworms,  Noctuidae. 

The  cabbage  plusia,  Plusia  brassicae  Riley. 

Various  ants,  Formicidae, 

The  poplar  leaf-folding  fly,  Pontania  (?)  sp. 

The  clover  mite,  Bryobia  pratensis  Garm. 

The  pear-leaf  blister-mite,  PA  r  t  opt  us  pyr/Scheu  ten. 

Not  an  insect  has  been  mentioned  in  the  foregoing  lists  that         j 
has  not  undiscovered  iacts  of  greater  or  less  importance  concern-      ^i 
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ing  its  life-history.  The  pressing  need  in  economic  entomology  in 
Montana,  as  elsewhere,  is  the  unravelling  of  the  life  stories  of  the 
injurious  species,  and  a  scarcely  less  urgent  demand  exists  for  a 
knowledge  of  the  habits  of  the  parasitic  and  predaceous  species  ot 
which  Montana  has  a  liberal  share. 

Early  in  the  spring  it  was  found  that  the  entomologist  could 
not  meet  the  demands  for  his  services  in  repressing  insects  about 
Ihe  state  and  satisfactorilv  conduct  his  classwork  at  the  same 
time.  Accordingly  an  appeal  was  made  which  resulted  \n  the  ap- 
pointment of  Miss  Edna  Maynard,a  graduate  of  the  College  in  the 
class  of  1901,  as  temporary  assistant  in  teaching.  We  were  then 
able  to  co-operate  with  the  State  Board  of  Horticulture  in  control- 
ling the  codling  moth  in  Missoula  and  vicinity.  This  co-operative 
work  has  occupied  a  great  deal  of  the  time  of  the  entomologist  but 
bas  yielded  ample  results.  The  city  of  Missoula  was  the  head- 
quarters for  an  investigation  into  the  situation  in  that  vicinity  as 
to  the  codling  moth  and  incidentally  many  other  insects,  A  cage 
w^as  erected  over  on  entire  apple  tree  and  the  habits  of  the  codling 
moth  were  studied  as  well  as  they  could  be,  considering  that  the 
•cage  is  222  miles  from  Bozeman  and  the  entomologist  had  to  be  in 
Bozeman  the  greater  part  of  the  time.  The  visits  to  the  cage  were 
•carefully  timed  and  reliable  results  were  obtained  by  making  use  of 
local  assistance.  It  is  desirable  that  a  similar  form  of  co-operation 
be  followed  in  the  future  since  the  work  of  the  Board  of  Horticul- 
ture, in  many  particulars,  is  identical  with  that  of  the  entomologi- 
cal department  of  the  Experiment  Station. 

A  series  of  sealed  boxes  of  specimens  of  some  of  the  most  im- 
portant injurious  insects  was  prepared  and  given  out  about  the 
state.  The  results  of  this  experiment  seem  to  warrant  the  prepar- 
ation and  distribution  of  other  boxes  as  fast  as  the  necessary  speci- 
mens can  be  secured.  The  writer  was  told  by  the  proprietor  of  a 
hotel  at  Missoula,  where  one  of  the  boxes  was  placed,  that  for  a 
period  of  something  like  two  months  not  a  day  passed  without 
from  two  to  five  persons  coming  to  the  office  for  the  purpose  of  ex- 
amining the  insects. 

There  are  many  lines  of  work  needing  attention  which  will  be 
taken  up  as  rapidly  as  possible  and  in  the  order  of  urgency.  The 
following  may  be  mentioned: 
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Mosquitoes: -—There  are  many  parts  of  the  state,  that,  according^ 
to  the  reports  reaching  the  Station,  are  so  badly  ridden  with  mos- 
quitoes at  certain  seasons  of  the  year  as  to  make  life  miserable  for 
man.  It  is  desirable  to  look  into  the  conditions  in  these  places 
and  see  if  some  measure  of  relief  cannot  be  secured.  We  are  already 
collecting  the  species  as  fast  opportunity  is  presented. 

Grasshoppers: — During  the  past  three  years  many  complaints  of 
loss  "by  grasshoppers  have  reached  the  Experiment  Station. 
Ranges  have  been  so  devastated  that  the  herds  have  been  obliged 
to  leave  them  and  go  elsewhere.  The  summer  of  1902  was  a  not- 
able one  for  the  destruction  wrought  by  grasshoppers  in  Carbon 
and  Yellowstone  counties.  It  is  desirable  to  familiarize  the  ranchers 
with  the  methods  used  in  older  states  or  devise  new  ones  for  the 
wholesale  destruction  of  these  pests  where  feasible. 

Plant  Lice: — A  large  number  of  species  of  plant-lice  occur 
throughout  Montana  many  of  which  are  attracting  the  attention  of 
the  ranchers  and  general  public.  A  considerable  number  of  species 
were  collected  during  the  past  summer  and  the  office  contains  notes 
on  file. 

Insects  of  Alfalfa: — Alfalfa  is  a  favorite  crop  in  Montana,  being 
sure  and  very  productive.  Some  of  the  older  fields.have  been  in  this 
crop  for  nineteen  years  without  being  broken  up.  Such  conditions 
are  favorable  to  the  development  of  many  insects.  Various  reports 
of  devastation  of  this  crop  have  reached  us.  Grasshoppers  are  ac- 
cused of  doing  great  injury. 

Flea-beetles: — Flea-beetles  are  very  abundant  in  point  of  species 
and  number  of  individuals,  in  the  state. 

Fruit  Insects: — Besides  the  species  injurious  to  fruits  that 
are  already  under  investigation,  there  are  many  others  working 
their  destruction  unmolested.  This  office  has  accumulated  notes 
on  this  subject  that  will  soon  be  made  public. 

We  present  below  an  account  of  four  species  of  insects  that  de- 
serve attention  on  account  of  their  prevalence  in  Montana  fields. 

THE  COTTONWOOD  LEAF-BEETLE. 

Lina  scrip  ta  Fabr. 

This  insect  has  often  been  reported  to  the  entomologist  as  being 
very  destructive  to  both  the  cotton  wood  and  willow.  Not  only  has 
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it  been  destructive  to  these  trees  along  river  courses  and  other  re- 
mote places  but  also  to  cultivated  trees. 

It  is  in  the  larval  stage  that  most  of  the  injury  is  done.  The 
leaves  are  completely  skeletonized  and  die  from  the  effects. 

The  eggs  are  laid  on  the  foliage  in  clusters  similar  to  those  of 
the  Colorado  potato  beetle  which  is  a  member  of  the  same  natural 
family  of  beetles,  the  Chrysomelids,  a  family  well  known  for  their 
'  destructiveness  to  the  foliage  of  plants.  The  eggs  hatch  into  larvae 
which  at  first  are  black,  but  which  later  become  yellowish.  The 
legs  are  glossy  black  and  there  are  two  longitudinal  rows  of  black 
spots  on  the  back.  On  each  side  of  the  body  is  a  row  of  black  tu- 
bercles which  produce  a  milky  fluid  with  a  pungent  odor  which  is  a 
source  of  protection  against  enemies. 

The  beetles  era  wl  to  the  stems  to  pupate,  and  attaching  the  pos- 
terior end  suspends  the  body  in  the  air,  the  pupa  remaining  partly 
protruded  from  the  larval  skin. 

The  beetles  are  oval,  more  flattened  than  the  Colorado  potato 
beetle  and  are  from  two  to  three -tenths  of  an  inch  in  length.  The 
head  is  black  and  the  thorax  black  and  red  or  yellowish.  The 
beetle  is  variable  in  the  markings  of  the  wing-covers.  All  the  speci- 
mens in  the  collection  of  the  College,  from  various  parts  of  the 
state;  show  the  ground  colorto  be  the  usualdull  3'ellowish  with  uni- 
formly seven  spots  and  lines  on  each  wing  cover. 

In  other  parts  of  the  United  States  there  are  two  to  three 

broods  of  the  insects  each  year.    Montana    probably  has    two 

broods  only. 

REMEDY. 

Paris  green  as  a  spray  on  the  foliage,  using  one  pound  to  100 
gallons  of  water,  is  a  good  remedj'.  This  will  kill  both  thelarvae 
and  the  adults. 

The  species  is  a  native  one  and  it  is  therefore  not  wise  to  at- 
tempt to  exterminate  it. 

THE  CUCUMBER  FLEA-BEETLE  ON  POTATO. 

Epitrix  cucumeris  Harris. 

This  minute  beetle  was  taken  by  the  writer  in  a  potato  field  at 
Missoula  where  it  was  present  in  almost  incredible  numbers,  hav- 
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ing  completely  skeletonized  the  foliage  in  many  places.  Being  a  na- 
tive species  it  may  appear  at  any  place  in  Montana  where  potatoes 
are  grown. 

While  this  insect  is  popularly  known  as  the  cucumber  flea- 
beetle,  it  has  oftener  been  reported  from  the  potato  and  tomato, 
and  is  well  known  for  its  injuries  to  many  other  plants,  among^ 
which  are,  corn,  apple,  tobacco,  egg  plant,  celery  and  pepper. 

The  larvae  feed  on  the  underground  parts  of  the  plants  which 
the  beetles  attack.  They  are  elongated  whitish  grubs,  minute  in 
size  and  not  often  observed  by  the  farmer.  These  larvae  sometimes 
attack  the  tubers  and  roots  of  the  potato  and  are  thus  responsible 
for  the  production  of  imperfect  potatoes  and  weakened  plants. 

The  beetles  measure  about  one-twelfth  of  an  inch  long  and  are 
black  with  reddish-brown  antennae  and  legs.   They  are  very  active 
and  difficult  to  catch.   The  posterior  legs  are  fitted  for  leaping,  and 
when  disturbed  they  jump,  and,  because  of  their  small  size,  are  lost 
sight  of. 

REMEDIES. 

Bordeaux  mixture  and  a  little  Paris  green  or  slacked  lime  and 
Paris  green  is  a  good  remedy.  These  should  be  applied  as  a  spray 
and  with  thoroughness. 

MEALY-BUQ  ON  APPLE  AND  PEAR. 

Dactylopius  sp. 

While  searching  for  codling  moth  pupae  under  the  scales  of  bark 
of  the  apple  trees  of  Missoula  in  January,  1902,  numerous  cottony 
masses  of  this  insect  were  found.  So  far  as  has  yet  been  observed 
the  insect  is  not  of  great  economic  importance  in  Montana  except 
that  it  is  very  liable  to  be  mistaken  for  the  cottony  masses  of  the 
woolly  aphis.  This  mistake  is  much  more  liable  to  be  made  on  ac- 
count of  the  fact  that  during  the  summer  months  the  meah'-bug^ 
like  the  woolly  aphis,  prefers  scars  and  injured  places  on  the  bark. 
During  the  summer  these  insects  were  found  very  commonly  in 
Missoula,  usually  in  bunches  but  often  crawling  about  over  the 
trees. 
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REMEDIES. 

Should  this  insect  become  so  abundant  as  to  be  injurious  it 
may  be  held  in  check  by  treatment  in  the  winter  in  the  following 
manner: 

Scrape  off  the  loose  outer  bark,  and  wash  the  trunks  and  larger 
limbs  with  whale-oil  soap  solution,  one  pound  in  one  gallon  of 
water. 

Many  of  the  specimens  brought  to  the  office  were  found  to 
have  been  killed  by  parasites. 

AN  ANT  AS  A  FRUIT  PEST. 

During  the  writer's' frequent  visits  in  the  Bitter  Root  valley  a 
number  of  complaints  reached  him  concerning  a  small  ant  that 
builds  its  colonial  mounds  about  the  trunks  of  the  apple  trees  and  , 
girdles  them.  Many  colonies  were  found  in  the  one  orchard  exam- 
ined that  were  not  at  the  bases  of  the  trees  but  the  ants  showed 
preference  for  this  position.  Trees  in  these  mounds  were  either 
killed  or  greatly  injured  as  a  result  of  the  girdling  of  the  stem.  In- 
quiry made  at  different  places  in  the  valley  showed  that  the  trouble 
is  a  common  one. 

REMEDY. 

The  use  of  the  bi-sulphide  of  carbon,  pouring  it  into  the  openings 
of  the  mounds  and  later  closing  the  openings  with  earth,  would 
probably  be  a  satisfactory  remedy. 

The  writer  has  had  good  success  with  this  substance  used 
against  arits  in  the  lawn  and  in  other  species  but  has  never  used  it 
against  this  ant. 

The  substance  is  very  inflammable,  a  lighted  cigar  being  enough 
to  ignite  it.  The  confined  vapor  is  explosive.  Care  should  there- 
fore be  exercised  with  its  use. 

In  treating  lawn  ants  we  have  set  fire  to  the  vapor  as  it  escapes 
from  the  openings,  and  have  made  the  destruction  of  the  ants  more 
thorough.  It  would  be  well  to  experiment  with  this  method  also 
in  the  control  of  this  ant,  to  see  if  any  injury  will  result  to  the  tree. 

Only  a  small  amount  of  the  bi-sulphide  of  carbon  is  necessary. 
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HORTICULTURAL  DEPARTMENT 

'R.  W.  Fisher,  Assistant  Horticulturist. 


The  work  in  this  department  for  the  year  ending  November  30 
has  been  along  the  following  lines: 

A  study  has  been  made  of  the  cultivated  trees  in  this  vicinitv 
for  the  purpose  of  finding  ornamental  shade  trees  to  replace  the 
poplar  or  the  cot  ton  wood.  Several  trees  new  to  this  section  have 
been  introduced  and  are  now  growing  in  the  Station  nurserj'.  The 
work  already  instituted  of  testing  fruit  trees  for  their  hardiness 
has  been  carried  on,  and  the  quality  and  quantity  of  the  different 
varieties  of  apples  has  been  noted. 

Variet3'  tests  of  the  common  garden  vegetables  w^ere  made 
with  the  intention  of  finding  those  best  adapted  to  our  conditions, 
and  the  different  varieties  of  small  fruits  were  compared  as  to 
yield,  quality-  of  fruit  and  hardiness. 


FOREST  AND  ORNAMENTAL  TREES. 


It  is  a  lamentable  fact  that  with  the  very  large  timbered  area 
we  have  in  this  state,  so  few  trees  are  to  be  found  outside  the 
natural  forest  belts,  which  for  the  most  part  are  wholly  within  the 
mountain  ranges  and  therefore  afford  but  little  immediate  benfitto 
the  larger  class  of  citizens  who  spend  most  of  their  time  on  the 
farms  or  in  the  cities. 
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Believing  that  the  planting  of  ornamental  trees  should  be  given 
more  attention  than  in  the  past  this  department  has  attempted  to 
introduce  the  trees  usually  grown  in  the  states,  whose  climatic 
conditions  are  somewhat  similar  to  ours;  and  accordingly  last 
spring  several  different  varieties  including  oaks,  elms,  maples, 
linden,  etc.,  were  set  out  in  the  Station  nursery  with  the  intention 
of  testing  them  for  their  hardiness  and  general  adaptability  to  our 
soil  and  climate.  This  experiment  will  necessarily  have  to  extend 
over  a  period  of  several  years,  as  it  is  impossible  to  tell  from  one 
year's  growth  w^hether  or  not  a  tree  is  worthy  of  being  generally 
planted. 

In  many  cases  when  trees  are  imported  into  the  state  from 
lower  altitudes  and  milder  climates  they  are  not  perfectly  hardy, 
w^hereas  if  they  were  grown  from  seed  here  they  would  in  all  prob- 
ability prove  hardy  enough  to  stand  our  winters  without  injury. 
In  order  to  test  this  thoroughly,  tree  seeds  are  being  collected  and 
w^ill  be  planted  .as  soon  as  practicable. 

I  find  a  record  of  there  having  been  planted  in  1895  a  number 
of  different  trees,  and  it  is  thought  fitting  that  mention  be  made  of 
them  in  this  place  as  they  show  some  interesting  facts  in  regard  to 
the  hardiness  and  general  adaptability  of  certain  trees  to  our 
climate  and  soil. 

The  following  table  gives  in  detail  the  data  gathered  concern- 
ing these  trees.  All  the  deciduous  trees  set  in  1895  were  seedlings, 
one  year  old,  about  twelve  inches. high;  The  conifers  were  two  and 
three  years  old  and  from  six  to  twelve  inches  in  height. 
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Hardy;  beautiful  trees 

All  have  died 
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Hardy:  good  trees,  fast  grower 

Hardy;  desirable  tor  hedges 

All  have  died 

A  pparently  hardy:  slow  growth 

Hardy 

Hardy:  very  pretty  tree 

Hardy;  good  hedge  plant 

HeJMhi 

.■: ;,-  '■:-l'^'%.  ;^2S, 

|l 

liiSii^Silii 

Picea  pungeas 
Pinus  sylvestris 
Pseud otsuga  taxifolia 
Pinus  reelnosa 
Pinus  montana  pumila 
Picea  alba 

JuuiperuB  virginiana 
Picea  excelsa 
Pinus  strobus 
Pinus  Larico  Austriea 
Abies  concolor 
Thuja  oocidentalis 
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Colorado  Blue  Sprnce 
Scotch  Pine 
Douglas  Spruce 
Red  Pine 
Mountain  Pine 
White  Spruce 
Red  Ceckr 
Norway  Spruce 

Austrian  Pine 
White  Fir 
Arborvit» 
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From  the  above  table  it  is  seen  that  the  elm,  oak,  white  birch,, 
mountain  ash,  European  larch  and  the  white  and  green  ash  are 
hardy  among  the  deciduous  trees;  while  the  hardy  list  of  evergreens 
includes  the  Colorao  blue  spruce,  white  fir,  red  cedar,  mountain 
pine,  Douglass  spruce,  and  arborvitae. 

Several  varieties  of  poplars  are  growing  on  the  Station  grounds 
the  best  of  which,  for  shade  or  ornamental  purposes,  is  the  Caro- 
lina. 

Many  failures  to  grow  ornamental  trees  other  than  poplars- 
are  not  always  attributable  to  winter  killing  as  is  often  thought,, 
but  are  quite  as  often  due  to  entirely  different  causes. 

Trees  cannot  be  expected  to  grow  vigorously  unless  care  is 
taken  in  the  preparation  of  the  ground  before  planting.  The  trees 
should  be  properly  set  out  and  given  good  cultivation  and  care 
until  the  root  system  is  thoroughly  established.  Winter  killing  can 
often  be  prevented  in  many  cases  if  care  is  taken  that  the  wood  is 
thoroughly  ripened  before* freezing  weather.  This  is  accomplished 
by  forcing  the  growth  early  in  the  season  by  good  cultivation '  and 
irrigation  and  withholding  water  and  ceasing  deep  cultivation  as 
the  season  advances.  If  plenty  of  water  be  given  until  the  middle 
or  last  of  July  and  then  withheld,  the  trees  will  make  a  normal 
year's  growth  and  will  have  time  to  ripen  their*  wood  before  cold 
weather  comes,  thus  being  better  able  to  endure  a  much  colder  tem- 
perature than  they  otherwise  would. 


\ 


ORCHARD  TREES. 


The  first  trees  of  the  Station  orchard  were  planted  in  1 895  and 
as  it  was  at  that  time  mostly  experimental  work,  many  varieties 
set  were  destined  to  die,  not  being  hardy  enough  to  endure  the 
winters.  Since  that  time  other  varieties  have  taken  the  places  of. 
those  that  died;  sometimes  hardj'-  and  as  often  tender  trees  being 
planted,  and  the  result  is  that  the  orchard  presents  a  very  uneven 
appearance  in  the  size  and  age  of  trees.  Of  the  64  varieties  of 
apples  set  in  1895,  but  26  are  now  alive;  and  of  these  26  varieties 
but  about  eight  are  worth  growing.  The  others  being  of  an  inferior 
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quality  of  fruit.  The  best  varieties  are:  Wealthy,  Yellow  Trans- 
parent, Duchess  de  Oldenberg,  Okabena,  Hibernal,  Tetofeky,  Long- 
field  and  Gideon.  Ten  varieties  of  crabs  were  set  in  1895  and 
^ight  are  now  alive.  Of  these  the  best  are:  Whitney  No.  20, 
Transcendent,  Greenwood,  Hyslop  and  Orange.  The  Moldavka 
and  Yellow  Veronesch  plums  are  the  only  ones  out  of  30  varieties 
planted  in  1895:  Three  cherry  trees  out  of  14  are  now  alive  and  last 
3'ear  produced  a  moderate  yield.  These  are:  Sklanka,  Griottedu  Nord 
and  Bessarabian.  Flemish  Beauty  is  the  only  pear  alive  of  16 
planted  in  1895.  This  tree  has  produced  no  fruit  3'et;  however,  the 
tree  seems  quite  vigorous,  although  it  has  not  made  as  large  a 
growth  during  the  time  since  it  was  set  out  as  would  naturally  be 
-expected. 

SMALL  FRUITS. 


Raspberries :-tTo  be  successful  with  this  class  of  fruits,  some  win- 
ter protection  is  necessary.  When  about  six  bearing  canes  are 
grown  in  each  hill,  and  the  hills  4x6  feet  apart,  it  is  quite  easy  to 
lay  them  down  and  cover  with  dirt  or  straw.  By  doing  this  agood 
yield  is  assured,  other  conditions  being  favorable.  This  applies 
equally  well  to  both  the  red  and  black  raspberries,  except  that 
more  care  must  be  taken  when  handling  the  black  varieties  that 
the3^  are  not  broken  while  being  bent  over.  There  are  some  seasons 
in  which  no  winter  protection  is  necessary,  notably  the  winter  of 
1901-02,  but  it  is  better  to  be  on  the  safe  side  and  cover  each 
winter,  as  the  time  and  expense  in  doing  this  is  more  than  repaid 
by  the  quantity  of  fruit  produced.  The  red  varieties  can  be  bent 
over  without  disturbing  the  roots  if  handled  before  being  frozen; 
but  the  best  way  in  which  to  treat  the  black  varieties  is  to  plow  a 
furrow  near  enough  the  row  so  that  the  plants  can  be  bent  below 
the  roots,  otherwise  the  canes  are  likeW  to  break  while  being  bent. 
The  leading  varieties  from  the  standpoint  of  fruit  production  and 
marketable  qualities  are  in  the  order  given  as  follows,  Marlboro, 
Cuthbert,  Hansell  and  Brandy  wine.  The  Cuthbert  is  not  as  hardy 
.as  the  others,  necessitating  more  careful  covering  during  the  winter, 
but  the  yield  and  quality  of  fruit  is  superior  to  all  except  the  Marl- 
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boro.  The  black  varieties  are  not  as  hardy  as  the  red  ones  and 
many  failures  are  due  to  the  fact  that  insufficient  or  no  protection 
is  given,  and  to  be  successful  with  this  fruit  it  is  absolutely  necesis- 
ary  to  give  some  winter  protection. 

Strawberries: — Splendid,  Bisel,  Bederwood  and  Crescent  still 
lead  in  productiveness  and  quality  of  fruit. 

Currants:— Fay's  Prolific,  Red  Dutch,  Victoria  and  North  Star 
have  been  tested  here,  The  Fay  is  much  the  largest  berr3-,but  does- 
not  give  as  large  a  yield  as  does  the  Victoria. 

Currants  are  one  of  the  easiest  crops  to  grow,  being  perfectly 
hardy  and  producing  large  crops  each  year.  The  best  success  is  ob- 
tained when  the  bushes  are  planted  in  rows  six  feet  apart,  with  the 
plants  about  four  feet  apart  in  the  rows.  The  cultivation  should 
be  shallow  as  they  are  surface  feeders,  and  the  bushes  should  be 
pruned  each  year,  enough  to  keep  out  all  dqad  branches  and  old 
wood.  They  thrive  best  on  a  rich,  loamy  soil,  but  will  grow  on  a 
large  variety  if  given  care.  It  is  best  to  plant  them  in  a  location 
where  the  snow  will  not  drift  over  them  as  it  often  breaks  the 
branches  and  the  alternate  freezing  and  thawing  of  the  snow  is 
detrimental  to  the  bushes. 

Gooseberries:^But  two  varieties  of  gooseberries  have  been 
grown  here — the  Industry  and  Downing,  the  leading  English  and 
American  varieties  respectively.  Both  were  badly  aifected  with 
the  gooseberry  mildew,  it  being  much  worse  on  the  Industry  than 
on  the  Downing. 

Many  people  in  thisi  section  will  not  attempt  to  grow  this 
berry  at  all  on  account  of  this  disease  because  unless  the  bushes  are 
sprayed  the  mildew  spoils  the  crop.  Potassium  sulphide  is  the  best 
known  substance  to  spray  with,  and  when  properly  applied  will  en- 
tirely hold  this  disease  in  check. 

Dissolve  the  potassium  sulphide  in  water  at  the  rate  of  one 
ounce  in  two  gallons  of  water  and  spray  early  in  the  season  about 
the  time  thebujis  begin  to  swell;  and  at  intervals  of  about  ten  days 
thereafter.  This  is  a  very  effective  treatment  and  is  comparatively 
cheap. 


GARDEN  CROPS. 


Variety  tests  of  common  garden  vegetables  were  made  for  the 
purpose  of  determining  if  possible  the  varieties  best  suited  to  our 
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conditions.  While  one  year's  test  cannot  be  taken  as  conclusive, 
yet  the  results  in  man3'^  cases  show  those  varieties  best  adapted  to 
our  climate,  and  also  show  those  wholly  unfit  for  cultivation  here. 

Beans: — Forty  varieties  of  beans,  consisting  of  fourteen  dwarf 
green-podded,  eleven  dwarf  wax,  five  bush  limas,five  polelimas  and 
five  pole  snap  beans  were  tested. 

All  except  the  dwarf  green-podded  and  the  dwarf  wax  were 
killed  during  the  latter  part  of  June  by  frosts.  These  also  were 
badly  fi"osted  but  recovered  and  inmost  cases  ripened.  The  follow- 
ing table  gives  the  result  in  detail: 


DWARF  GREEN  PODDED. 


VARIETIES. 


]    Yield  in 
JBis.  per  Ac. 


Early  Warwick 

Extra  Early  Refugee 

Refugee  or  1,000  to  1 

White  Marrow 

Liongf  ellow 

Early  Mohawk .^ 

Henderson's  Bountiful 

Henderson's  Early  Red  Valentine 

Burpee's  Brittle  Wax 

Henderson's  Black  Valentine 

Henderson's  Cream  Valentine .... 

Dwarf  Horticultural 

liarge  White  Kidney 


396.4 
476.2 

315!  5 

400 

300 

792.3 

513 

623.9 

521.7 

334.6 

692.9 


Mature 

Mature 

Did  not  mature 

Fairly  well  matuce 

About  half  mature 

Mature 

Mature 

Mature 

Mature 

Poor  beans 

Mature 

Mature 

Not  mature 


DWARF  WAX. 


VARIETIES. 


Yield  in 
lbs.  per  Ac. 


Golden  Wax 595.8 

Valentine  Wax i  592 

Golden  Eyed  Wax ;  217 

Improved  Golden  Wax I  348 . 8 

Improved  Black  Wax :J54 . 4 

Keeney's  Rustless  Golden  Wax 


Refugee  Wax 


030 


White  Seeded  Wax 677 . 9 

412.8 

647 

110.6 


Flageolet  Wax 

Wardwell's  Kidney  Wax 
Yosemite  Mammoth  Wax 


Mature 

Mature 

Mature 

Mature 

Mature 

Not  mature 

Mature 

Mature 

Mature 

Mature 

One-third  mature 


ANNUAL    REPORT.  95 


Beets: — This  root  will  do  well  in  any  rich,  warm  soil,  but  pre- 
fers and  does  its  best  in  a  sandy  loam.  Six  varieties  were  tested, 
Crosby's  Egyptian,  Eclipse,  Electric,  Lentz,  Henderson  s  Half-Long 
and  Edmonds.  Crosby's  Eg3''ptian  is  the  earliest  and  gave  the 
largest  yield  but  is  excelled  by  Henderson's  Hajf-Long  in  quality 
and  market  requirements. 

Cabbages: — Cabbages  form  an  important  crop  both  for  the 
home  and  market  garden,  and  in  either  case  two  crops  are  generally 
grown,  the  early  or  summer,  and  the  winter  cabbages.  The  plants 
for  the  early  cabbages  are  started  in  hot-beds  or  boxes  early  in  the 
spring,  and  after  being  hardened  by  exposing  to  cooler  air  than 
that  in  which  they  have  been  growing,  they  are  transplanted  into 
the  open  ground  after  danger  of  hard  frosts  is  past.  After  the  first 
few  days  they  require  no  special  treatment;  that  given  other  vege- 
tables being  sufficient. 

The,  late  crop  is  grown  in  much  the  same  way,  except  the  plants 
are  not  started  or  set  out  until  much  later  in  the  season,  and  the 
mature  heads  being  much  larger  than  the  early  varieties,  they  re- 
quire more  room. 

The  varieties  giving  the  largest  yields  of  those  tested  are  as 
follows:  Early  cabbag^  Succession,  Early  Spring,  Early  Summer, 
Early  Stone  Head  and  Early  Jersey  Wakefield.  Late;  Holland ,  Late 
Stone  and  Late  Flat  Dutch. 

Celery: — The  climate  and  soil  of  Montana  is  particularly 
adapted  to  growing  a  very  fine  quality  of  celery  and  this  crop  bids 
fair  to  become  an  important  garden  product  of  the  farm.  The  de- 
mand for  this  vegetable  is  so  large  that  the  local  dealers  have  to 
depend  upon  outside  growers  for  the  most  of  their  supply;  and  if 
people  from  a  distance  can  grow  celery  and  sell  at  a  profit  in  our 
home  markets,  surely  the  Montana  gardner  can  realize  a  good 
margin  of  profit  on  his  crop. 

Trials  made  at  the  Station  and  by  local  private  gardeners  dem- 
onstrate that  celery  of  first  class  quality  and  in  paying  quantities 
can  be  successfully  grown.  For  the  early  crops  the  self  blanching 
varieties  are  the  best,  although  not  as  large  as  some  others.  The 
Giant  Pascal  proved  to  be  the  best  late  variety,  producing  large 
stalks  of  very  fine  quality. 
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SUB-DEPARTMENT  OF  POULTRY 


H.  C.  Gardiner,  Student  in  Charge. 


ARTIFICIAL  HEAT  IN  POULTRY  BUILDINGS. 


Our  experience  with  artificial  heat  during  the  past  winter  has 
been  very  satisfactory.  It  is  popularly  supposed  that  the  use  of 
artificial  heat  in  poultry  buildings  afrect%  the  vigor  of  the  fowls  to 
such  an  extent  as  to  make  them  liable  to  colds  and  verj'  susceptible 
to  disease.  This  is  no  doubt  true  of  many  instances  in  which 
artificial  heat  has  been  used  carelessly.  The  use  of  artificial  heat  is 
a  direct  saving  in  feed,  we  know  that  in  order  to  maintain  animal 
heat  and  carry  on  the  different  functions  of  the  body  a  certain 
amount  of  fuel  in  the  form  of  feed  is  required,  and  further  as  the 
outside  temperature  is  lowered  a  larger  amount  of  fuel  is  necessary 
and  the  food  material  which  might  be  used  in  egg  production  has 
to  go  towards  maintaining  the  animal  heat  of  the  body.  The 
point  is  this,  the  digestive  apparatus  of  a  hen  can  onl3^  accomplish 
so  much  and  if  all  the  energy  has  to  go  towards  maintaining  the 
animal  heat  of  the  body  with  no  return  the  fowl  in  cold  weather 
becomes  a  source  of  increased  expense.  Further,  coal  or  w^ood  are 
both  much  cheaper  for  keeping  fowls  warm  than  grain. 

In  heating  a  poultry  house  special  attention  must  be  given 
towards  securing  an  even  temperature,  the  chief  need  for  htat  is  on 
cloudy  days,  during  cold  snaps  and  at  night.    In  a  properW  con- 
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structed  house  very  little  fire  should  be  maintained  during  the  time 
the  sun  is  exerting  its  influence  and  the  endeavor  should  be  to 
avoid  a  temperature  above  55  degrees  and  as  near  as  possible  to 
secure  an  average  of  about  45  degrees  to  50  degrees:  The  most 
successful  method  of  heating  poultry  buildings  and  the  only  prac- 
tical method  for  poultry  plants  is  a  hot  water  pipe  system,  but  for 
the  average  building  a  small  stove  serves  the  purpose  admirably. 
The  stove  should  be  one  which  will  hold  fire  for  eight  or  ten  hours 
and  which  can  be  easily  regulated  for  a  slow  fire.  It  should  not  be 
placed  where  the  fowls  can  get  close  to  it  but  preferably  in  the  hall- 
w^ay  or  passage  outside  the  pen.  From  our  observations  we  con- 
clude that  it  is  not  possible  to  ventilate  a  poultry  building  prop- 
erly in  cold  weather  and  at  the  same  time  maintain  a  temperature 
above  freezing.  Further,  under  the  average  conditions  fowls  will 
be  healthier  when  kept  in  buildings  properly  heated  for  this  reason, 
they  will  avoid  extremes  of  heat  and  cold.  In  the  average  house 
on  a  sunny  day  where  there  is  a  considerable  area  of  glass  in  the 
front,  .the  temperature  goes  way  up  and  at  night  way  down,  with 
proper  ventilation  the  maximum  w^ould  not  be  excessive  and  with 
a  fire  at  night  the  other  extreme  would  be  avoided. 


SHADE  FOR  YARDS. 


The  advantage  of  changing  the  location  of  poultry  yards,  both 
pens  in  which  old  birds  are  kept,  as  well  as  those  in  which  young 
ones  are  raised,  is  well  known.  The  facility,  too,  with  which  these 
yards  may  be  plowed  up  and  cultivated  add  to  their  usefulness  in  ob- 
viating the  dangers  of  disease  and  also  make  them  additionally 
valuable  in  the  production  of  forage  for  fowls.  An  essential  feature 
too,  in  providing  yards  is  to  provide  shade  and  to  secure  it  from 
some  annual  plant  rather  from  a  tree  or  shrub  which  could  not  be 
sown  in  a  new  place  and  which  would  restrict  the  thorough  work- 
ing of  the  land.  We  have  found  that  in  the  Mammoth  Russian 
Sun  Flower  almost  an  ideal  plant  is  secured.  It  makes  a  quick 
vigorous  growth,  reaching  a  height  of  from  six  to  twelve  feet,  pro- 
vides dense  shade,  is  easily  sown,  is  not  eatenoff  by  the  fowls  when 
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young  and  tender,  and  when  mature  provides  a  nutritious  food 
which  makes  a  particularly  valuable  addition  to  the  ration,  ripen- 
ing as  it  does  just  at  the  moulting  season.  In  feeding  sun  flowers 
there  is  no  need  to  harvest  them.  If  the  stalks  are  broken  in  the 
middle  the  fowls  will  do  the  rest  of  the  business.  From  our  expe- 
rience we  would  advise  planting  the  sun  flowers  in  one  end  of  the 
yard,  if  it  is  desired  to  grow  forage,  since  a  forage  crop  will  not  do 
Avell  where  the  sun  flowers  are  grown  thick  enough  to  provide 
dense  shade.  On  the  other  hand  where  fowls  are  not  penned  but 
have  a  free  run,  clumps  of  sun  flowers  in  convenient  places  serve 
better  than  one  large  patch. 

The  question  of  shade  is  of  particular  importance  in  our  state 
since  we  have  such  a  large  proportion  of  sunny  weather,  and  far- 
ther, since  any  provision  for  shade  is  found  to  be  lacking  in  almost 
every  place  in  which  fowls  are  kept:  Another  advantage  worthy 
of  mention  is  the  shelter  afforded  by  dense  clumps  of  sun  flowers 
from  hawks.  In  our  open  run^  hawks  work  a  serious  havoc  and 
the  protection  afforded  by  such  cover  minimizes  the  danger. 


FORAGE  FOR  POULTRY. 


During  the  summer  months  a  supply  of  green  forage  is  very 
essential  for  poultry,  in  fact,  they  will  thrive  on  good  clover  pas- 
ture with  but  a  3mall  addition  of  grain.  We  have  advised  in 
earlier  publications  grading  poultry  yards  with  a  view  of  irrigat- 
ing them  when  sown  with  clover  or  some  grain  mixture  and 
further  advise,  where  possible,  having  yards  on  either  side  of  the 
house  so  that  one  portion  could  be  pastured  while  the  other  side 
was  being. irrigated  and  growing  another  crop.  It  is  not  possible 
in  yards  of  small  size  for  clover  or  other  forage  plants  to  exist  un- 
der the  close  cropping  of  the  industrious  hen;  but  where  pens  can 
be  arranged  on  both  sides  of  the  house  and  water  can  be  had, 
abundant  pasture  can  be  secured  for  25  birds  on  one-tenth  to  one- 
twelfth  of  an  acre  of  good  soil. 

There  are  several  advantages  to  be  derived  from  the  double 
pens,  the  irrigation  thoroughly  renovates  them.    More  birds  can 
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be  kept  on  a  given  area  and  the  change  to  fresh,  clean  pasture  is 
beneficial  to  the  health  of  fowls. 

When  permanent  pastures  are  required  white  clover  is  the  ideal 
plant.  It  will  withstand  the  pasturing  better  that  the  other  clov- 
ers, and  the  plant  itself,  owing  to  the  fineness  of  the  leaves,  is 
better  suited  to  feed.  From  the  standpoint  of  feeding  value  the 
vsi'hite  clover  is  ahead  of  any  other  plants  which  may  be  used  for 
forage  purposes.  It  is  not,  however,  of  much  valde  for  the  first 
season  it  is^own  and  the  fowls  must  not  be  allowed  to  run  on  it 
until  the  plants  get  a  good  start  and  form  a  reasonably  close  mat. 

Where  forage  is  wanted  early  in  the  season  and  where  it  is  not 
convenient  to  start  a  permanent  pasture  oats  serve  the  purpose.  We 
urge  strongly  that  abundant  forage  be  provided  for  fowls  for  two 
chief  reasons,  it  forms  a  cheap  and  valuable  addition  to  the  ration 
and  further  insures  a  healthy  digestive  system. 


BROWN  LEGHORNS. 


The  special  adaptation  of  the  Brown  Leghorns  to  the  market 
needs  and  the  climatic  conditions  of  our  state  has  impressed  us 
with  the  fact  that  they  are  above  all  others  the  utility  fowl  for 
Moptana.  The  breed,  however,  possesses  one  feature  of  disadvan- 
tage, and  that  is  the  large  comb  and  wattles  found  in  both  single 
and  rose  combed  varieties.  Large  combs  and  wattles  and  even 
medium  sized  combs  and  wattles  will  fi-eeze  unless  special  care  is 

taken  to  prevent  it.  When  a  laying  hen's  comb  is  frozen  she,  to  all 
practical  purposes,  becomes  diseased  and  her  laying  stops.  Feed 
and  care  are  then  wasted  and  what  was  a  profitable  investment 
becomes  an  expense.  Rose  combed  fowls  do  not  escape  the  danger 
of  frost  bite  for  their  wattles  will  freeze  as  readily  as  the  single 
comb  variety  and  it  is  as  serious  for  wattles  to  freeze  as  for  the 
combs,  In  fact,  where  fowls  run  out  in  the  winter  and  get  their 
wattles  wet  in  the  drinking  water  the  wattles  are  more  liable  to 
freeze  than  the  combs. 

This  undesirable  feature  can  be  verj'^  easily  overcome.  We  have 
in  three  years  been  able,  by  purchasing  small  combed  roosters  and 
cutting  out  the  hens  with  the  largest  combs,  to  reduce  the  average 
size  of  the  comb  more  than  one-half.    Three  years  more  of  such 
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selection  and  we  will  have  a  fowl  with  such  small  comb  and  wat- 
tles that  there  will  be  no  possibility  of  their  freezing  under  any 
reasonable  circumstances.  We  would  strongly  advise  all  who 
secure  stock  from  the  east  for  breeding  purposes  to  purchase  speci- 
mens with  small  combs  and  those  who  breed  from  birds  of  their 
own  raising  would  increase  the  value  of  their  future  flocks  mate- 
rially by  selecting  the  smaller  combed  specimens  while^  of  course, 
giving  due  attention  to  the  other  essential  qualities. 

The  large  combs  are  merely  a  matter  of  fancy  and  are  only 
suitable  to  warm  climates.  Raising  fowls  with  such  appendages 
is  on  a  par  with  attempting  to  grow  tropical  plants  at  our  lati- 
tude. • 

POULTRY  FENCES. 


During  the  last  year  we  have  completed  permanent  fences 
around  our  main  poultry  building  and  from  our  experience  offer  a 
few  suggestions.  Some  permanent  form  of  fencing  is  desirable,  and 
necessary  about  all  poultry  buildings  and  essential  where  pure 
bred  stock  is  kept  and  pens  are  kept  separate  during  the  breeding 
season.  Poultry  netting  well  galvanized  and  72  inches  wide  is  the 
only  satisfactory  fencing  material,  and  in  order  to  stretch  it  pro- 
perly a  scantling  should  be  mortised  on  edge  in  the  top  of  the  posts 
for  a  top  rail.  Posts  are  best  set  eight  feet  apart  using  2x4s  six- 
teen feet  long  for  tops.    In  order  to  make  the  fence  as  lasting  as 

possible  we  charred  the  butts  of  the  posts  and  filled  in  the  holes 
with  rock  and  cinders,  also  put  about  six  inches  of  rock  under  each 
post.  The  posts  should  be  sawed  off  five  feet  and  a  half  from  the 
ground  and  the  netting  buried  six  inches.  This  prevents  fowls 
scratching  and  getting  under  the  fence  and  also  does  away  with  a 
bottom  rail  or  base  board.  In  putting  on  the  netting  one  end 
should  be  made  fast  with  a  double  row  of  staples  aud  the  other  end 
clamped  between  the  2x4s  with  bolts,  and  with  a  small  wire 
stretcher  attached  to  the  middle,  stretched  up  tight.  The  top  wire 
should  be  then  stapled  on  securely,  and  then  by  pressing  down  the 
bottom  wire  at  each  post  and  stapling  to  the  post,  the  netting  is 
deeply  and  tightlj^  secured.  In  making  gates,  time  and  labor  can 
be  saved  by  stretching  the  wire  on  the  fence  and  then  setting  the 
frame  for  the  gate  against  the  netting  when  it  canbe  stapled  to  the 
gate  without  further  stretching. 
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IRRIGATION    DEPARTMENT. 


S.  FoRTiER,  Irrigation  Engineer. 


SOIL  MOISTURE  IN  RELATION  TO  CROP  YIELD, 


A  nnmber  of  experiments  have  been  tried  to  determine  the  effect 
of  different  amounts  of  soil  moisture  on  the  yield  of  farm  crops. 
These  experiments  have  been  conducted  for  the  most  part  under 
artificial  conditions.  On  account  of  the  difficulties  to  be  overcome, 
few  have  been  tried  in  the  open  field  under  ordinary  crop  condi- 
tions. 

In  the  spring  of  1897,  when  the  writer  was  connected  with  the 
Utah  Experiment  Station,  he  had  several  tanks  constructed  of 
galvanized  iron,  filled  with  soil  and  placed  in  an  open  field  nearly 
level  with  the  surface  of  the  ground.  Figure  1  illustrates  one  of 
those  vessels  together  with  the  wooden  trestle  used  in  raising  it. 
Each  tank  was  30  inches  deep  and  when  filled  with  soil  contained 
an  area  at  the  surface  of  500  square  inches.  One  tank  was  filled 
with  water,  three  with  bare  soil  and  in  the  remaining  eight  the 
staple  crops  of  that  state  were  planted.  A  record  was  kept  of  the 
amount  of  water  added  to  each  tank  which  was  weighed  every 
ninth  day.  The  writer  had  no  opportunity  to  continue  this  line  of 
investigation  at  that  time,  inasmuch  as  he  severed  his  connection 
with  the  College  and  Station  the  following  spring  to  accept  the 
position  of  chief  engineer  of  the  Bear  River  Canal  Company.  The 
results  obtained  during  the  summer  of  1897  proved  conclusively 
that  a  larger  amount  of  evaporation  had  taken  place  from  the  ex- 
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posed  surface  of  the  tanks  than  one  would  expect  under  field 
conditions.  This  was  chiefly  due  to  the  fact  that  the  earth  around 
the  tanks  became  quite  dry  and  warm.  Frequently  also,  open 
spaces  were  left  outside  of  the  tank  and  beneath  the  top  covering, 
all  of  which  increased  the  temperature  of  the  metal  tank  and  soil 
contents  and  produced  greater  evaporation.  Experiments  with 
the  same  tanks  and  hoisting  device  have  since  been  made  by  the 
same  Station  and  are  reported  in  Bulletin  No.  75.  These  later  re- 
sults seem  to  be  open  to  the  same  criticism  in  that  the  conditions 
under  which  they  were  obtained  were  not  normal. 

In  the  spring  of  1902,  the  writer  found  means  and  opportunity 
to  resume  the  same  ling  of  investigations.  In  planning  the  work  it 
was  thought  that  the  results  would  possess  more  value  to  the 
farmer  if  obtained  under  normal  field  conditions.  The  tanks  were 
accordingly  placed  in  an  unoccupied  part  of  the  Station  prchard. 
To  prevent  any  obstruction  to  the  free  passage  of  the  wind  and  the 
sun's  rays  as  well  as  to  aflFord  a  convenient  method  of  hoisting  and 
weighing  the  tanks,  a  one-half  inch  steel  cable  was  stretched  over 
supports,  93.2  feet  apart  and  14  feet  high.  DifferentiaJ  pulley  blocks 
were  then  suspended  from  a  pulley  on  the  cable  and  a  strong  bale 
and  beam  scale  were  attached  to  the  blocks.  Plate  II  shows  the 
operation  of  weighing,  while  figure  2  gives  the  dimensions  of  the 
tanks  and  the  mode  of  arrangement. 

In  order  to  lower  the  temperature  in  the  soil  surrounding  the 
tanks  and  thereby  decrease  the  amount  of  evaporation,  the  follow- 
ing device  was  adopted:  Oak  barrels  were  cut  in  half  and  placed  in 
the  manner  shown  in  Figure  2,  with  their  top  edge  about  14  inches 
below  the  surface  of  the  ground.  Gravel  to  the  depth  of  a  few 
inches  was  placed  in  the  bottom  and  ordinary  soil  on  top.  Water 
was  conveyed  to  the  gravel  through  a  %-inch  iron  pipe.  It 
was  hoped  that  this  device  would  not  only  lessen  the  temperature 
in  the  lower  portion  of  the  tank  but  that  the  water  placed  in  the 
half-barrel  would  be  drawn  up  by  capilarity  and  evaporated  at  the 
surface,  thus  tending  to  cool  the  upper  portion. 

The  metal  tanks  were  first  calipered  and  weighed  and  on  May 
23,  1902,  they  were  filled  with  soil  from  the  Station  orchard,  care 
being  taken  to  place  each  layer  of  soil  in  its  natural  position 
within  the  vessel.    The  varieties  of  soil  and  subsoil  are  indicated 
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in  Figure  2.  A  piece  of  %-inch  hose  was  inserted  for  the  purpose 
of  conveying  irrigation  water  to  the  bottom  of  each  tank.  The 
numbering  was  from  right  to  left  (Fig.  2)  and  on  May  23,  Nos.  1 
to  8  inclusive  were  seeded  with  37  grains  each  of  Swedish  Select 
oats.  A  slight  shower  of  rain  fell  before  the  seed  was  planted  and 
the  working  of  the  moist  soil  caused  a  crust  to  form  later  over  the 
surface  soil.  This  may  account  for  the  apparent  discrepancy  in  the 
grain  yields  of  Nos.  4  and  5.  On  June  21s  when  the  oat  plants  were 
about  2  inches  high,  the  niimberof  plants  in  each  tank  was  reduced 
to  19.  Bach  plant  on  an  average  occupied  13V& square  inches.  In 
Swedish  Select  oats  there  are  in  round  numbers  12,000  grains  in 
one  pound  and  44  pounds  in  a  bushel.  In  seeding  2  bushels  per 
acre  and  deducting  10  per  cent  for  seed  that  failed  to  grow,  there 
would  be  6  6-10  square  inches  for  each  plant,  or  about  double  the 
number  of  plants  for  a  given  area  that  were  grown  in  the  tanks. 

In  applying  irrigation  water  to  the  tanks,  about  two-thirds  of 
the  amount  was  spread  over  the  surface,  the  balance  was  run 
through  the  hose  pipe  to  the  bottom  of  the  vessel.  From  May  23 
to  September  1,  the  time  required  to  mature  the  crop,  20  gallons 
of  water  were  added  to  each  of  the  half-barrels.  More  should  have 
been  added  in  order  to  maintain  normal  temperatures  in  the  soil 
within  the  tanks.  The  temperature  was  increased  from  another 
cause.  When  the  irrigation  water  was  applied,  the  earth  in  the 
tanks  settled  and  exposed  from  two  to  three  inches  of  the  metal 
cylinder  which  attracted  the  sun. 
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lu  the  accompanying  table  is  given  the  amount  of  Avater  in 
both  irrigation  and  rainfall,  which  was  applied  to  each  tank  as 
well  as  the  number  of  pounds  of  water  required  to  produce  a 
pound  of  dry  crop. 


Namber 

of 

Tank. 

Irrigation 
Wat«r. 

Rainfall. 

• 

Total. 

Tanks. 

Inches. 

Inches. 

Inches. 

Pounds  of  wat- 
er to   produG* 
one   pound   of 
dry  matter. 

1 

2 
6 
14 
20 
22 
22 
32 
38 

4*4 

4;\- 

4*4 

*?4 
4*4 

6^4 
10^4 

im 

24*4 

26^4 
26=^4 
36^4 
42'i4 

501 

2. 

574 

3. 

525 

4 

434 

5 

• 

433 

6. 

413 

7 

528 

8 

552 

\ 

The  yield  of  both  straw  and  grain  obtained  from  the  oats 
grown  in  the  eight  tanks  is  given  in  the  following  table.  The  rela_ 
tion  between  the  amount  of  water  applied  and  the  yield  is  also 
shown  in  figure  3  and  in  Plate  I. 


Number  of 
Tank. 

Weight 
Straw. 

Weight 

of 
Grain. 

Total  Weight 

of  Straw 

and  Grain. 

No.  of  Grains 
of  Oats. 

1 

Rate  of 
Increase. 

Ounces. 

Ounces. 

Ounces. 

1 

1  15-16 

2  11-16 

3  11  16 

5  6-16 
7 

6  11-16 

7  2-16 
7 

Done 
none 

1  7  16 

2  13-16 

1  14-16 

2  10-16 

3  14  16 

4  2  -16 

1  15-16 

2  11-16 
5  2-16 
8  3-16 

8  14-16 

9  5-16 
11 

11  2  16 

none 

none 

1700 

2250 

1980 

2450 

3082 

2920 

0  to  1 

2. 

0  to  1 

3. : 

89  to  1 

4. 

118  to  1 

5 

104  to  1 

6 

129  to  1 

7. 

162  to  1 

8 

154  to  1 
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EVAPORATION   FROM  S0IL5. 


The  tanks  were  all  weighed  May  23  and  again  on  July  8.  With 
the  exception  of  No.  1  each  received  during  this  period  of  46  days 
the  same  amount  of  water.  Of  the  11  tanks,  seven  contained  oat 
plants,  three  bare  soil  and  No.  12  a  small  newly  transplanted  two- 
year  old  apple  tree.    The  last  is  here  classed  as  bare  soil. 

The  accompanying  table  shows  that  the  evaporation  and 
transpiration  from  the  grain  was  about  16  per  cent,  greater  than 
the  evaporation  from  the  bare  soil.  For  the  period  named,  the 
former  averages  1  1-7  inches  and  the  latter  9-10  inches  per  week 
over  the  surface.  For  the  same  period  the  evaporation  from  a 
water  suface  was  13-16  inches  per  week. 

Results  of  Tank  Experiments  from  flay  33  to  July  8,  1903. 


• 

C3  C  K 

.  oc  a 

• 

Weight 

VVoiffht  of 

Weight 

Total 
Weisrht. 

Weight 

Evaporation  and 

1  .»*.—  "^ 

9d 

of  Soil 

IrriKation 

of  Rain 

of  Soil 

Transpiration. 

ti 

May  23. 

Water. 

Water. 

July  8. 

'c 

Pounds. 

s^§.sS 

Im 

In  W^eiffht. 

In  inches 
in  depth 
over  the 
surface. 

B 

Pounds;. 

Pounds. 

Pounds. 

Pounds. 

s 

Pounds. 

.Sa* 

Z 

Inches. 

1 

308.5 

18  0 

29.3 

355.8 

292.5 

63.3 

7.1 

(-)  l-« 

2 

322.0 

53.9 

29.3 

405.2 

33i.O 

73.2 

8.1 

1.2 

3 

3-29.5 

53.9 

29.3 

412.7 

347.0 

65.7 

7.3 

2.0 

4 

.330.0 

53.9 

29.3 

413.2 

346.0 

67.2 

7.5 

1.8 

5 

327.5 

5;;.  9 

29.3 

410.7 

339.5 

71.2 

7.9 

1.4 

6 

326.6 

53.9 

29.3 

'     409.8 

345.0 

64.8 

7.2 

2.1 

7 

321.5 

53.9 

29.3 

404.7 

S^i.b 

71.2 

7.9 

1.4 

8 

325.5 

53.9 

29.3 

408.7 

.     34.S.0 

65.7 

7.3 

2.0 

9 

328.0 

53.9 

29.3 

411.2 

360.5 

♦50.7 

♦5.6 

*3.7 

10 

319.0 

53.9 

29.3 

402.2 

344.5 

♦57.7 

♦6.4 

♦2.9 

11 

a30.0 

53.9 

29  3 

413.2 

:i(U.5 

♦51.7 

*5.8 

♦3.5 

12 

a30.5 

;     53.9 

29.3 

413.7 

a)9.5 

t54.2 

t6.0 

t3.3 

♦Bare  soil,  cvar)oration  only.      fSmall  tree. 
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In  the  following  table  is  given  the  results  of  the  tank  experi- 
ments daring  the  period  of  growth  of  the  oat  crop.  It  will  be 
noted,  that  the  crop  in  every  case  not  only  evaporated  all  of  the  ir- 
rigation water  but  robbed  the  soil  of  part  of  the  moisture  which 
it  contained  at  seed  time.  The  minus  sign  indicates  this  loss.  In 
the  case  of  the  tanks  filled  with  bare  soil  there  is  a  slight  gain.  On 
an  average  1^^  inches  when  measured  in  deptli  over  the  surface  is 
conserved. 

R68Cilt8  off  Tank  Experiments  from  May  23  to  September  1,  1902. 


1  0  0  0 

a 

Weiffht 

Weifirht  *if 

Weiffht 

Total 
Weight. 

Weight 

Evaporation  and 

0 

of  Soil 
May  23. 

Irrigation 
Water. 

of  Rain 
Water. 

of  soil 
Sept.  1. 

Transpiration. 

%^ 

In  Weight. 

In  inches 

.sSisS 

i 

(C2  a-*A  M  ki 

E 

in  depth 

«« 

Pounds. 

Pound  i(. 

Pounds. 

Pounds. 

Pounds. 

over  the 

2  a* 

Z 

Pound.s. 

•surface. 

Inches. 

1 

308.5 

18.0 

42.6 

3:i9.1 

260.5 

108.6 

12  1 

(-)5.3 

2 

322.0 

53.9 

42.6 

418.5 

276.0 

142.5 

15.9 

(-)5.1 

3 

329.5 

123.7 

42.6 

497.8 

281.5 

216.3 

24.1 

(     )5.3 

4 

330.0 

179.6 

42.6 

552.2 

21^5.0 

257.2 

28.6 

(    )3.8 

5 

327.5 

197.6 

42.6 

567.7 

284.5 

283.2 

31.5 

(-)4.7 

6 

326.6 

197.6 

42.6 

566.8 

288.0 

278.8 

31.0 

(-)4.2 

7 

321.5 

287.4 

42.6 

651.5 

285.5 

366.0 

40.8 

(-  ■)4.o 

8 

325.5 

341.3 

42.6 

709.4 

302.5 

406.9 

45.3 

(     )2.5 

9 

328.0 

89.8 

42.6 

460.4 

343.0 

♦117.4 

*13.1 

*1.7 

10 

319.0 

89.8 

42.6 

451.4 

331.0 

*120.4 

♦13.4 

♦1.4 

11 

330.0 

89.8 

42.6 

462.4 

337.0 

*125.4 

*14.0 

♦0.8 

12 

330.5 

89.8 

42.6 

462.9 

314.5  ^ 

tl48.4 

116.5 

t(--)1.7 

'Bare  soil,  evaporation  only.      rSmall  tree. 
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EVAPORATION  FROM  STUBBLE  FIELDS, 


The  table  which  follows  gives  the  results  of  the  experiments 
from  the  time  the  crop  was  harvested  until  the  ground  was  frozen. 
During  these  three  months  the  rainfall  was  3.29  inches.  No  irriga- 
tion water  w^as  used.  The  last  two  columns  show  that  there  was 
a  gain  during  this  period  in  all  but  Nos.  11  and  12.  No.  12  is  easily 
explained  by  the  growing  tree  which  bore  a  few  leaves. 

The  evaporation  from  the  eight  tanks  containing  oat  stubble 
was  2.1  inches  for  September,  October  and  November,  while 
the  evaporation  from  tanks  holding  bare  soil  was  lor  the  same 
time  3.3  inches. 

This  excess  in  the  latter  case  may  be  due  to  the  fact  that  the 
bare  soil  contained  more  moisture  at  the  beginning  of  this  test. 

Results  of  Tank  Hxperlments  from  September  i  to  November  30,  190J. 


Number 

m 

Weight 
of  Soil 
Sept.  1. 

WpiKht 

of  Rain 
Wator. 

Total 
Weight. 

Weight 
of  Soil 
Nov.  3D. 

J 

Evaporation. 

e 

Of 

Tank. 

In  Wei(fht. 
Pounds. 

18.6 
16.6 
17.6 
24.6 
17.6 
17.6 
13.6 
22.6 
28.6 
2S.6 
36.6 
40.6 

In  inches 
in  depth 
over  the 
surface*^. 

Pounds. 

260.5 
276.0 
281.5 
295.0 
284.5 
288.0 
28i.5 
302.5 
343.0 

asi.o 
asT.o 

.S14.5 

Pound.**. 

Pounds. 

290.1 
305.6 
311 . 1 
324.6 
314.1 
371.6 
351.1 
a32.1 
372.6 
360.6 
366.6 
344.1 

Pounds. 

271.5 
289.0 
293.5 
3(»0.0 
29B.5 
300.0 
:^1.5 
3(»9.5 
344.0 
337.0 
333.0 
304.5 

Inches. 

1 

29.6 
29.6 
29.6 
29.6 
29.6 
29.6 
20.6 
29.6 
29.6 
29.6 
29.6 
29.6 

2.1 
1.9 
2.0 
2.7 
2.0 
2.0 
1.5 
2.5 
3.2 
2.6 
4.1 
4.5 

1.2 

2 

1  4 

3 

1.3 

4 

0.6 

5 

1.3 

6 

1.3 

7 

1.8 

8 

0.8 

9 

10 

0.1 
0.7 

11 

12.: 

(~)0.8 
(-)1.2 

Nos.  1  to  8.  inclusive,  short  stubble.    Nos.  9  to  11,  inclusive,  bare  soil.    No.  12,  small  tree. 
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EVAPORATION  FROM  A  WATER  SURFACE. 


In  June,  1899,  a  wooden  box  was  made  in  the  form  of  a  cube 
and  lined  with  zinc.  The  box  measured  inside  3  feet  in  width,  3 
feet  in  length  and  3  feet  in  height,  and  when  full  contained  one  cubic 
yard  of  w^ater.  It  was  set  in  a  grass  plat  at  a  considerable  dis- 
tance from  any  buildings,  with  its  top  edge  but  slightly  raised 
above  the  surface  of  the  ground,  and  filled  with  water  to  within 
two  inches  of  the  top.  A  woven  wire  fence  12  b3'  12  feet  and  3  feet 
high,  supported  by  light  pine  posts,  which  were  painted  green,  in- 
closed the  tank. 

Observations  were  made  once  a  week  by  measuring  the  vertical 
distance  from  the  gauge  on  the  top  of  the  tank  to  the  surface  of  the 
water.  As  the  water  in  the  tank  was  evaporated  more  was  added. 
A  thermometer  was  suspended  within  the  tank,  having  its  bulb 
about  6  inches  below  the  surface.  A  rain  gauge  was  also  placed 
near  the  evaporation  tank  and  the  amount  of  rain  entering  the 
tank  was  also  recorded.  The  records  for  July,  August  and  Septem- 
ber, of  1899  are  in  excess  of  those  for  any  subsequent  year.  This  is 
probably  due  to  a  slight  leak  in  the  tank.  In  the  spring  of  1900, 
it  was  relined  and  has  since  remained  water  tight. 

In  the  following  table  are  given  the  periods  during  which  rec- 
ords were  taken,  the  number  of  days,  the  temperature  of  the  water 
and  the  evaporation  in  inches  per  week  and  per  month: 
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1900. 


Meau  temperature 

Monthly  evaporation. 
Ave.  weekly  evapora- 
tion  


April.         May. 


5.52  in. 
1.24  in. 


June. 


73PF. 
5.99  in. 

1.39  in. 


Jaly. 


3.59  in. 
0.80  in. 


August. 


3.88  in. 
0.88  in. 


Sept. 


65**  P. 
2.74  in. 

0.63  in. 


October. 


4e^F. 
0.98  in. 

0.22  in. 


1901. 


Mean  temperature 

Monthly  evaporation* 
Ave.  weekly  evapora- 
tion  


53*^  P. 
0.89  in, 

0.41  in. 


59' P. 
5.27  in. 

1.19  in. 


60'=' P. 
4.20  in. 

0.98  in. 


68*^  P. 
4.34  in. 

0.98  in. 


69'' P. 
5.27  in. 

1.19  in. 


56*^  P. 
3.43  in. 

0.80  in. 


51"  P. 
2,79  in. 

0.63  in. 


1903. 


Mean  temperature 

Monthly  evaporation. . 
Ave.  weekly  evapora- 
tion  


49^  P. 
2.11  in. 

0.49  in. 


54"  P. 
3.40  in. 

0.77  in. 


67"  P. 
3.30  in. 

0.77  in. 


65^  P. 
4.07  in. 

0.92  in. 


&5'P. 
3.60  in. 


54**  P. 
3.01  in. 


0.81  in.  0.70  in. 


50*  P. 
1.55  in. 

0.36  in. 


•From  Abril  15  to  80. 


PLATE    II. 


WEIGHING     A    TANK. 
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THE  AMOUNT  OF  WATER  USED   IN  FIELD  IRRIGATION. 


For  an  arid  state,  Montana  is  well  watered.  Large  rivers  flow 
from  its  watersheds.  Some  of  these  have  not  as  yet  been  used  to 
any  great  extent  for  irrigation  purposes.  It  is  nevertheless  true 
that  irrigated  agriculture  in  this  state  is  to  be  measured  by  the 
water  supply.  Only  1  acre  out  of  10  or  12  acres  can  ever  be  irri- 
gated. The  supply  of  water  when  fully  utilized  will  not  suffice  for 
more  than  this.  One  hundred  y^ears  hence  there  will  be  millions 
of  acres  in  Montana  easy  to  cultivate,  fertile  and  well  located,  but 
w^ithout  water ._ 

Until  recently  water  for  irrigation  possessed  a  low  cash  value. 
In  many  parts  a  water  right  for  a  quarter  section  of  land  could  be 
purchased  for  $500.  Owing,  however,  to  good  crops  and  fair 
prices  for  fs^rm  products,  there  has  been  a  marked  increase  in  the 
value  of  water  rights  during  .the  past  two  years.  The  writer 
knows  of  several  instances  in  which  their  value  has  doubled  within 
the  past  year.  '^  The  price  of  wrater  for  irrigation  is  regulated  chiefl3^ 
by  the  cost  of  conveying  it,  the  supply  available  and  the  demand. 
Apart  from  seasonal  fluctuations  the  supply  remains  fairly  con- 
stant, but  the  other  two  factors  are  continuously  increasing.  In 
a  new  state  like  Montana  it  will  cost  much  more  to  provide  water 
for  the  second  million  acres  than  it  did  for  the  first  million  for  the 
reason  that  the  tracts  adjacent  to  streams  and  easily  irrigated  are 
nearly  all  comprised  in  the  latter.  Every  settler  who  conveys 
w^ater  to  his  homestead  in  a  new  district  will  add  to  the  demand 
and  produce  in  time  a  scarcity.  It  is,  therefore,  only  a  question  of 
time  when  water  for  irrigation  in  every  cultivated  valley  will  be 

both  scarce  and  costly.  It  is  safe  to  predict  that  the  water  rights 
of  the  farmers  which  are  now  deemed  of  so  small  importance  on 
some  streams  as  to  be  neglected,  will  be  worth  immense  sums  when 
the  present  mines  of  this  state  are  forgotten. 

Believing  that  the  future  prosperity  of  this  commonwealth  will 
depend  largely  on  the  question  of  water  for  irrigation,  this  Station 
has  endeavored  to  obtain  through  experiments  some  infor- 
mation as  to  the  actual  quantities  being  used  by  the  irrigators. 
For  the  past  four  seasons  these  investigations  have  been  carried 
on  in  co-operation  with  the  Office  of  Experiment  Stations  of  Wash- 
ington, D.  C.    On  behalf  of  the  farmers  and  stockmen  of  this  state, 
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it  is  a  pleasure  to  acktiowlege  the  help  received  in  this  connection 
from  Director  A.  C.  True  and  Professor  Elwood  Mead.  Only  a 
brief  summar}'  of  the  results  obtained  can  be  introduced  here.  For 
fiiller  information  the  reader  is  referred  to  Bulletins  86, 104  and  119 
of  the  Office  of  Experiment  Stations,  and  to  Bulletin  43  of  the  Mon- 
tana Experiment  Station. 

In  the  following  table  are  given  the  amount  of  water  used  on 
49  fields.  The  water  applied  is  expressed  in  three  ways,  viz.:  in 
depth  over  the  surface  irrigated,  in  acres  per  cubic  foot  per  second 
and  in  acres  per  miner's  inch.  In  order  to  express  the  dut3'^  of 
water  in  the  two  last  ways,  the  length  of  the  irrigation  season 
must  be  fixed.  This  varies  for  each  locality  but  in  the  table  re- 
ferred to  an  attempt  has  been  made  to  give  the  average  for  each 

county^. 

1899. 


Kind  of 
Crop. 


(youuty. 


t-' 


Yiold  Por 
Acre. 


jz  ^  '    Amount  of 
^t  I  Water  Applied 


Clover 
Peas  . . 
Grain , 
Barley 
Oats  .. 
Oats  . . 
Oats  .  . 
Oats  . . 


Gallatin 


t( 


Lengtli  of  Irriffiition 
Season. 


27.44  :Uons 

4.2:i  31.25  ba 

11.27  51.46  bu. 

(>6.:J9  

2:5.41  51.(X)ba 

7.26  72.75  bu 

2.48  72.75  bu 


June  1-Aug.  31,  92dy8. 


'*  'io.OO 


k> 


•t 


t( 


57 

—  si 


.44 
.41 
.42 
.41 

.:« 

.36 


s^ 

^■y^^ 

B£ 

•{■  0  'f'  * 

"5  0 

£{?:  c'^ 

Gt: 

,^  p^.^ 

c  ^1  c33 

Ji^. 

-c^ 

1.02 

1794.4 

1.10 

1664.1 

1.98 

92  2.3 

.98 

186,4.6 

1.53 
1.34 


,:^  216 
.44  1.28 


119 


3.0 


1363.4 

84  2.1 

1433.6 


1900. 


it 


it 


Clover Gallatin 

Barley 

Oats 

Wheat  1  Ac. 
Clover  1  Ac. 
Oats  1  Ac  . . 
Peas  1  Ac  . 

Barley 

Oats 

Barley 

Clover  

Clover  

Alfalfa 

Orchard  . . . 

Oats 

Oats 


(I 


1.00; 

8 .  51 
4.52 
7.2(5' 

,  :r).9() 

Yel'stone   5:^4() 

Ravalli     40.  (K) 

161.70 

Kri  20 


66.391 

4.14        46.50 

25.09' 

1.00W-38.:i3bu 
l.m;  C  3170  lbs. 

1.00  0-75.58  bu. 

1.001  P  l.'yjO  lbs. 
87.29  bu. 
74.67  bu. 
68.59  bu. 


5.17  tons 

:n.(iobu. 

34.(K)bu. 


June  1  Au^^  31,  92dys 


•( 


u 


it 


May  18  Sep.  :iO,  135  dvs. 
Apr.25-Aug.31,128dys.. 


44  1.98 
28  1.50 
:^)  .64 
:ft)  .77 
:J0    .77 

,:«)    .77 

39.    .56 

28,1.17 

,  40,  l.:59 

,4211.96 

44|2  70 

4411.79 

44  1.:^) 

,13  1.46 

13  1.;^) 

13i6.0(J 


92  2.3 
122  3.1 
,2857.1 
237  5.6 
237,5.6 
2.37I5.6 
:tt6S.2 
156  3.9 
1313.3 

93  2.3 
671.7 

102  2.5 
206  5.1 
174  4.3 
;i95  4.9 
'  421  0 
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1901 


Kind  of 
Crop. 


County. 


C3  x 

•7  b 


O" 


Yield  Per 
Acre 


Length  j>f  IrriKntion 
8ea!4()ii. 


at 


Amouut  of 
Water  Applied 


1^ 


Clover 

Clover  

Clover  

Clover  

Wheat 

Wheat  1  Ac. 
Barley  1  Ac. 
Clover  1  Ac. 
Sugar  Beets 

Oats 

Clover  

Barley 

Peas 

Oats 

Orchard  . . . 

Clover  

Clover  


Gallatin    20.86 
;    5.59 
'     7.13 
6.85' 
5.25 


a 


I* 


u 

l.(X) 

u 

1.00 

(( 

1.00 

it 

1.00 

ti 

15., 33 

i» 

27.84 

l( 

12.47 

i( 

8.41 

(t 

37.301 

Ravalli 

40  a); 

it 

161.70 

(( 

102.  OOi 

3.36  tons 

3.36  tons 

3..'}6ton8 

3.36  tons 

46.20  bu. 

W-42.90bii. 

B-61.50bu. 

C-1.59tons 

10  tons 

73  bu. 

3  tons 

59  bu. 

37.5  bu. 


9  tons 
1  ton 


ti 


It 


(( 


t> 


it 


Barley \  Gallatin 

Rotation  Plat^' 

Wheat 

Oats 

Clover  

Oats 

Alfalfa.... 

Clover  

Clover  .... 
Orchard  . . 
Clover  .... 
Clover  .... 


u 

4M\ 

ik 

27.84 

t( 

Hl.;^) 

Ravalli 

40.  (X) 

ki 

161.  (X) 

a 

102.00 

19.80 

6. a) 

5.62 
3. .38 
9.72 
8.93 


June  1-Aug.  31,  92  dys. 

4i 
it 
t. 
»t 
t« 
k. 
S> 
1( 
4i 
k. 
kk 
kk 
(i 

Apr.  25- Aug  31, 128  dys 
kk 


tk 


190a. 


67  bu. 
31  bu. 


Junel-Aug.  31,  92dys. 


(I 
k( 

kk 

kt 

kk 
kk 

kk 


Apr.  25-Aug.  31 ,  128  dys. 


I 
.65' 
.67, 
.62, 
.621 
.45' 
.431 
.43 
.43' 
.  591 
.43 


.92 

1.81 

1.24 

1.55 

1.20 

.77 

.77 

.77 

1.46 

1.6:^ 

.95 

.85 

.35 

127 


-<.9 


.(52 
.46 
.77 
.45 
.40 
.49 
.45|  2.22  .114 


1.5() 
150 


198 
!l01 
|147 
118 
152 
i237 
.2:^7 
|237 
125' 
112 
192' 
,215 
,521 
144 


4.9 
2.5 
3.7 
29 
3.8 
5.9 
5.9 
5.9 
31 
2.3 
4.8 
5.4 
13.0 
3.6 
4.1 
4.2 
2.8 


(54 

64! 

72! 

,54! 
.78| 
54 
,78 
,78' 
,7k' 

,()() 
,()(5 


.97 

107 
2.44 
1.27 
1.(56 
177 
1.01 
1.78 
3.13 
1.77 
130 
3.95 


,189  4.7 
,1714.3 
.  751.9 
1443.6 
110:2 
ia3  2 
1814 
10:52 
I  58,1 
1143  3 
1954 


7 
6 
5 
6 
;) 
6 
8 


.).) 


1.3 
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THE  AMOUNT  OF  WATER  USED  UNDER  CANALS. 


In  comparing  the  amounts  of  water  used  on  fields  as  given  in 
the  preceding  table  with  those  under  canals  in  the  table  which  fol- 
lows, it  will  be  seen  that  ijcie  latter  are  much  larger  for  similar 
areas.  This  difference  in  duty  arises  from  the  various  losses  which 
occur  in  conveying  water  through  a  ditch  or  canal  from  the  source 
of  supply  to  the  place  of  use.  Notwithstanding  these  heavy  losses 
which  vary  from  20  to  35  per  cent  of  the  total  flow  in  the  main 
channels  alone,  the  average  duty  of  water  over  the  87,240  acres 
represented  in  the  accompanying  table  is  2.23  acres  for  each  miner's 
inch  diverted,  or  at  the  rate  of  0-4;5  of  a  miner's  inch  per  acre. 


Year. 


1<X)1 
1902 
1901 
1902 
1901 
1902 
1901 
1902 
1901 
1902 
1901 
1902 
1899 
1900 
1901 
1902 


raiial. 


County. 


Area 

Irri- 

jrated. 


Acres. 


ki 


Ravalli 


»( 


Bi^  Ditch Yellowstone 

Big  Ditch...'. 

Republican 

Republican 

Hedge 

Hedge 

Ward 

Ward 

Skalkaho 

Skalkaho 

Gird 

Gird '. 

Middle  Creek 

Middle  Creek 

Middle  Creek 

Middle  Creek 


i» 


•( 


Ik 


»» 


Gallatin 


18144 
20a38 
4105 
4850 
5260 
5420 
a587 
8985 
1600 
1975 
1211 
1345 
3853 
«85.3 
3186 
4828 


Water 
Used. 


.Acre- 
Feet 


46507 

73165 

13758 

17856 

20883 

31274 

8626 

9933 

7494 

13423 

1759 

4710 

8074 

7324 

7454 

5577 


Water  Applied, 


2.56 
3.65 

3.;^ 

3.68 
3.97 

O.  /() 

2.41 
2.49 
4.68 
6.79 
1.45 
3.50 
2.10 
1.90 
2.34 
1.15 


1^  u 

u 

Op 


85 
76 
81 
89 
65 
58 

112 

132 
56 
•48 

102 
81 
87 

110 
90 

151 


2.13 
1.90 
2.02 
2.22 
1.64 
1.46 
2.81 
3.30 


1 
1 
2 


.40 
.21 
56 
2.04 
2.19 
2.75 
2.26 
3.78 
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DISCHARGE  OF  THE  PRINCIPAL  RIVERS  OF  MONTANA. 


J.  S.  Baker,  Resident  Hydrographer. 


For  several  years  the  irrigation  department  of  the  Station  has 
supervised  and  conducted  the  hydrographic  work  of  the  U.  S.  Geo- 
logical Survey  in  Montana.  Gaging  stations  are  established  and 
maintained  at  favorable  locations  on  the  principal  rivers  of  the 
state  and  measurenfents  made  of  the  flow  at  each  station  from 
four  to  twelve  times  during  each  year.  An  observer  residing  near 
the  gaging  station  observes  and  records  the  height  of  water  at 
least  once  a  da3\  These  records  are  mailed  to  the  Experiment 
Station  and  are  forwarded  from  thence  to  Washington,  D.  C.  The 
data  obtained  from  a  number  of  stream  measurements,  together 
with  the  daily  records  of  the  observer,  enable  tHe  engineer  to  com- 
pute with  reasonable  accuracy  the  daiW  flow,  or  discharge, 
throughout  the  year.  The  records  for  the  years  1901  and  1902 
have  been  thus  computed  and  are  herein  given  for  the  following 
rivers  and  streams:  Missoula  River,  Bitter  Root  River,  Madison 
River,  Jefferson  River,  Gallatin  River,  West  Gallatin  River, 
Middle  Creek,  Yellowstone  River,  Marias  River,  Milk  River, 
and  St.  Mary  river.  Also  discharge  measurements  were  made  on 
the  Milk  river.  Swift  Current  creek,  Missouri  river,  St.  Mary  river. 
Two  Medicine  river  and  Crow  creek,  but  no  gage-height  observa- 
tions were  made.  It  should  be  observed  that  when  ice  forms  on  the 
surface  of  a  stream  neither  the  gage  heights  nor  the  flow  can  be  ac- 
curately determined.  In  the  accompanying  tables  the  discharges 
are  given  in  cubic  feet  per  second.  Since  40  Montana  miner's  inches 
are  equiv^^lent  to  one  cubic  foot  per  second,  the  flow  maj'  be  con- 
verted into  miner's  inches  b}^  multiplying  the  figures  given  bj^  the 
number  40. 
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»aily  DUvharffe  In  Second-feet  of  Mtusoula  Rlvei 

%  at  MtSfioula,  Mont., 

for  1001. 

Jan. 

Feb. 

Mar. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

. 

7300 
10120 
12610 
16100 
16975 
15950 
14950 
14450 
14450 
13450 
13100 
12475 
13450 
14950 
16330 
16975 
19000 
20200 
19780 
18400 
16600 
15450 
15200 
14600 
13200 
13450 
13950 
15700 
16975 
17980 
16J0O 

139G0 

12475 

11720 

11520 

11320 

lOOOU 

8700 

7930 

7475 

6880 

6950 

7125 

7230 

•6880 

6450 

6150 

5940 

5610 

5500 

6000 

6300 

6000 

oaw 

5790 
5610 
5640 
5790 
5760 
5275 
5100 

■ 

4650 
4525 
4150 
4150 
3900 
3600 
3500 
3540 
3360 
3440 
3260 
3015 
2879 
2845 
2811 
2727 
2644 
2512 
2314 
2182 
2100 
2100 
2072 
2002 
1932 
1890 
1890 
1794 
1755 
1755 
1690 

1625 
1625 
1625 
lu25 
1625 
1599 
1534 
1495 
1495 
1430 
1430 
1339 
1300 
1278 
1223 
1223 
1190 
119i» 
1190 
1168 
1135 
1135 
1135 
1113 
1135 
1113 
1025 
1025 
1025 
1003 
970 

970 
970 
1025 
1168 
1430 
1469 
1430 
1469 
1469 
1430 
1469 
1534 
1495 
1469 
1495 
1430 
1430 
1430 
1469 
1430 
1365 
1404 
1404 
1404 
1430 
1430 
1534 
1560 
1560 
1560 

•  ■  «  • 

1469 
1495 
1469 
1495 
1495 
1430 
1430 
1430 
1430 
1534 
1469 

•1430 
1430 
1430 
U30 
1430 
1430 
1430 
1430 

.  1430 
1430 
1430 
1495 
143'» 
1339 
1430 
1534 
1404 
1469 
1534 
1699 

1495 
14% 
U95 
1469 
1534 
1625 
1599 
1560 
1534 
1534 
1495 
1495 
1495 
1469 
1430 
1365 
1365 
1430 
1430 
1404 
1404 
1404 
1469 
1495 
1469 
1469 
1430 
1404 
1365 
1365 

1365 

1430 

1469 

1534 

1469 

1 

1430 

ViW 

1190 

ia39 

1430 

a 

a 

a 

a 

a 

a 

a 

a 

a 

1 

a 

a 

a 

a 

a 

a 

a 

a 

4400 
4400 
5275 

a 

a 

a 

n. 

•ally  DlAoharj^e  in  Seoond-feet  of  Miiii>oula  River,  at  MlHMonla,  Mont.,  for  1002. 


a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 


a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 


1847 
1804 
1750 
1736 
1768 
1780 
1780 
1847 
1820 
1886 
188() 

i8a> 

1865 
1847 
17(^8 
1669 


1715 
1702 
1736 
1847 
2320 
2267 
2479 
2837 
2870 
2479 
2215 
2052 
2052 
1980 
1980 
2025 


2754 
2870 
2916 
2947 
2870 
2754 
3008 
3670 
4542 
6127 
7159 
8404 
8150 
9580 
12412 
15183 


15945 

14a30 

13957 

13150 

11940 

10400 

9617 

1)200 

8825 

11000 

113i)3 

llOOO 

10100 

9469 

9250 

8875 


5056 
5167 
a365 
6446 
6500 
6975 
6692 
6188 
5978 
5670 
5550 
5437 
5280 
4942 
4762 
4542 


2637 
2544 
2416 
2380 
23-20 
2299 
2215 
2195 
2145 
2267 
2070 
2070 
2052 
2070 
2215 
2165 


1865 
1847 
1865 
1804 
1768 
1847 
1736 
1780 
17»:8 
)768 
1715 
1736 
1750 
1715 
17.36 
1750 


1865 

1820 

1780 

1847 

1780 

1780 

1804 

1780 

1980 

1804 

1847 

1780 

1768 

1804 

1768 

19-24 

1780 

2025 

1804 

20d7 

1820 

2246 

1865 

2115 

1820 

2070 

1804 

2070 

1820 

2025 

1780 

2025 

1715 
1715 
1650 
168^ 

a 

a 

a 

a 

a 
2097 
1980 
1940 
1886 
1865 
1847 

a 


Ice. 
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I>aily  Dlscharf^e  of  Mlsitoala  River,  for  1903,  Contlnned. 


ee 


17 

18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


Jan.  I  Feb 


1456 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 


a 

a 

a 

a 

a 

a 

a 

a 

a 
1980 
1980 
1964 


Mar. 

April. 

May. 

June. 

l7ro 

2145 

14830 

8543 

1750 

2505 

14120 

7278 

1750 

2754 

12795 

6810 

1736 

2916 

12200 

6446 

1736 

3008 

12712 

6188 

1750 

2870 

13795 

5907 

ia36 

2610 

14211 

5978 

1601 

2570 

14211 

6127 

1650 

2570 

14211 

6086 

1750 

2544 

14211 

5978 

1820 

2637 

15255 

5978 

1780 

2610 

16230 

5622 

1715 

2a56 

17805 

5437 

1601 

2440. 

17952 

5212 

1615 

•  ■  •  • 

16440 

•   •   •   4 

July. 

4435 
4762 
4875 
4542 
4327 
4073 
3910 
:^70 
3517 
3388 
3197 
3099 
iJ947 
2916 
2787 


Auff. 


2097 
2246 
2215 
2215 
2097 
2070 
2025 
2025 
2052 
1980 
1940 
1940 
1900 
1865 
1865 


Sept. 


1780 
1750 
1780 
1804 
1924 
1780 
1780 
1804 
1750 
1780 
1847 
1804 
1780 
1924 


Oct. 

Nov. 

Dec. 

1820 

1940 

a 

1847 

1940 

a 

1780 

1964 

a 

1780 

1900 

a 

1780 

1865 

a 

1780 

1780 

a 

1780 

1715 

a 

1804 

1736 

a 

1847 

1715 

a 

1847 

1715 

a 

1820 

1682 

a 

1820 

1650 

3240 

1820 

a 

3240 

1780 

1780 

3240 

1780 

•  •  •  • 

3240 

]>afly  Dlftcharfce  In  Second-feet  of  Big:  Blackfoot  River,  at  Bonner,  Mont.,  for  1901. 


1 

2 

3 
4 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


3890 
5620 
7931 
8909 
9475 
8961 
9346 
8961 
8318 
8318 
^7289 
716-2 
7931 
8575 
8575 
9604 
115.31 
11402 
11017 
105a3 
9475 
8961 
8062 
7800 
7545 
7672 
8(K52 
8961 
9860 
9604 
8447 


7417 

/ 

6905 

6391 
5877 
5234 
4720 
4070 
4(»70 

;«37 

3->37 
3275 
3275 

3275 

3100 

2950 

«  •  *  •  •  • 

2950 
2950 
2800 



3025 

3100 

3100 

3100 

3025 

3100 
2800 
28a) 
2800 
2650 
2650 
2650 

•  •  ■  • 

•  •  •  a  •  ■ 

•  •   «  >  • 

a  Ice. 
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MONTANA    EXPERIMENT    STATION. 


Daily  DiftcharKe  In  Second-feet  of  Bitter  Root  River,  at  Grant^dale,  Mont.,  for  1902. 


>< 


} 

2 

3 

4 

5 

() 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

2L 

22 

23 

24 

25 

2() 

27 

28 

29 

30 

31 


Jau. 


Feb. 


Mar. 


April. 


May. 

June. 

1020 

7790 

1150 

7325 

1020 

590O 

9110 

5065 

900 

5220 

1020 

4790 

1430 

4790 

t     - 


'".■*■■  i 

1 

1 

1 

'  .   .   .  • 

1 



....  ..I....  .. 

1020 

1150 

I 

1150 

1 
1150 

' 

1020 

1020 

1 

2265 
3700 
5005 
5440 
5fKX) 
6380 
7790 
8970 
8310 
(5855 
)6(>5 


'  f 


471 H) 
3920 
3470 
3255 
3255 
3700 
4140 
4790 
7100 
8970 
1175 
8970 
8340 


5220 
7100 
9270 
7555 
6«5r) 
6380 
59(J0 
5220 
47911 
4355 
4575 
3700 
8700 
:i7O0 
;i920 
4790 
50(>5 
4355 
3^*20 
37(H) 
3470 
3255 
3050 


July 


2650 
2450 
3050 
3050 
3700 
3255 
31)50 
2650 
2265 
2450 
2650 
285U 
L'OnO 
2450 
2265 
22(>5 
2085 
2085 
J9U) 
1745 
1745 
1745 
1585 
1585 
14:K) 
143t) 
1290 
1 150 
1020 
1020 
900 


Aii«. 


790 
7iK) 
700 
700 
615 
615 
530 
530 
460 
460 
460 
460 
395 
395 
395 
395 
395 
395 
395 
395 
340 
340 
340 
280 
280 
280 
240 
240 
240 
205 
205 


Sept. 


205 
175 
175 
175 
150 
150 
135 
135 
i:i5 
150 
150 
155 
135 
135 
3:35 
150 
11:0 
175 
150 
175 
175 
175 
175 
205 
205 
205 
205 
205 
2(J5 
175 


Oct. 


205 

2a5 

205 
240 
240 
240 
240 
280 
280 
28(» 
280 
280 
240 
205 
205 
205 
205 
240 
240 

*:f40 

240 
280 
280 
240 
240 
240 
240 
210 
240 
240 
280 


280 


395 
395 
395 
395 
340 
340 
340 
340 
340 
340 
340 
340 

:mo 

340 
530 
615 
280 
2St» 
280 
280 
340 
34U 


Dec. 


395 
395 
395 

:i95 

3ti5 
34U 
395 
395 
395 
530 
530 
460 
460 
395 
4(X) 
530 
395 
395 
395 

:m 

5:{0 
;  530 
:  530 
i  530 
!  (>15 
'  1150* 
4()0 
4(>0 
460 
3i>5 
395 


Ilaily  niMrharjfe  In  Se<'oucl-feet  of  Madison  River,  near  Norris,  Mont.,  for  1901. 


1 
2 

o 
«> 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 


1900 
1900 
1900 
1900 
1900 
1900 
1900 
1900 
1900 
liK)0 
IlKX) 
1900 
1900 
1900 
liKX) 
1900 


2831 
•2975 
4025 
46-25 
4415 
3725 
2975 
2975 
2975 
2975 
2975 
3425 
4175 
4<  iO 
55(?2 
6n50 


5400 

2400 

5244 

2400 

5088 

2400 

4475 

2400 

4475 

2400 

4325 

2400 

3875 

2400 

3275 

2400 

3275 
2975 
2975 
2975 
3275 
3275 
2975 
2975 


2100 
2400 
1900 
19(K) 
1900 
1900 
1900 
1900 


♦let*  K'orjfo  fornnvl  on  Dl*c.  2«i,  \wnt  out  on  Dec. 


27. 


1794 
1688 
1688 
1581 
1581 
1900 
l()88 
1475 
1794 
1794 
}58l 
1581 
1581 
1581 
1581 
1581 

a  Ic(». 


1475 
1475 
1475 
1475 
1475 
1475 
1475 
1475 
1475 
1475 
1 475 
1475 
1475 
1475 
1475 
1475 


1475 

1475 

1475 

1475 

'  1475 

1475 

1475 

1475 

;  1475 

1475 

1475 

1475 

1475 

1475 

1475 

1475 

1475 

1475 

1475 

1475 

1475 

1475 

1475 

1475 

1475 

1475 

1475 

1475 

1475 

1476 

1475 

1475 

1475 
1475 
1475 
1475 
1475 
1475 
1475 
1475 
1475 
1475 
1475 
1475 
1475 
1475 

a 

a 
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17 
18 
19 
20 
21 
22 

Daily  Discharge  of  MadfHoii  Kiver,  for  1901,  ContiniM-cl. 

Jan. 

Feb. 

Mar. 

April. 

May. 

June. 

July. 

AUR. 

Sept. 

1475 
1475 
1475 
1475 
1475 
1475 
1475 
1475 
1475 
1475 
1475 
1475 
1475 
1475 

Oct. 

Nov. 

Dec. 



1900 

1900 

1900 

1900 

1900 

1900 

190O 

2025 

2150 

2150 

2l50, 

2150 

2150 

2275 

6212 

8000 
8162 
8000 
7188 
7025 
6212 
5888 
5244 
5088 
5562 
61?|2 
6375 
6u50 
540() 

2975 
2975 
2975 
2975 
2975 
3275 
^75 
2975 
2688 

1900 
19iH) 
lliOO 
1900 
1900 
1900 
IIKX) 
1900 
1688 

1581 
1475 
1475 
1475 
1475 
1475 
1475 
1475 
1475 
1475 
1475 
1475 
1475 
1475 
1476 

1475 
1475 
1475 
1475 
1475 
1475 
1475 
1475 
1475 
1475 
1475 
1475 
1475 
1475 
1475 

1475 
1475 
1475 
1475 
1475 
1475 
1475 
1688 
1688 
1688 
1688 
1688 
1688 
1688 

•  •  •  • 

a 

■  ■  •  •  • 



a 

l" 

a 



a 

a 

1 

a 

23 
24 

a 

a 

25 

a 

90 

•  •  •  •  •  • 

2688 

1088 

a 

27 



2588 
2688 
2688 
2400 

1688 
1794 

1688 
1688 
16S8 

a 

28 

■ 

a 

29 

a 

3() 

a 

31 



1900 

a 

.... 

■ 

Daily  DiMchai-Ke  in  Secuiid*fe«t  of    MadJHoii  Klvei%  near  NorrU,  Afont.,  for  1903. 


1 

a 

2 

a 

3 

a 

4 

a 

it 

a 

6 

a 

7 

a 

8 

a 

9 

a 

10 

a 

11 

a 

12 

a 

13 

a 

14 

a 

15 

a 

16 

a 

17 

a 

18 

a 

19 

a 

20 

a 

21 

a 

22 

a 

23 

a 

24 

a 

25 

a 

26 

a 

27 

a 

28 

a 

29 

a 

30 

a 

31 

a 

a 
a 
a 

a 
a 

• 

a 

a 

•  ■«••. 

a 

•  •  •  m    •    » 

a 

t 

1 

910 
910 
910 
91i) 

9;o 

910 
910 

pio 

^10 

910 

1570 

6140 

3020 

1570 

i:r>o 

1360 

1360 

a 

910 

1570 

6140 

316U 

1570 

1360 

1360 

1360 

a 

1175 

1570 

5:^85 

3160 

1570 

1360 

1360 

1360 

a 

1175 

1570 

4730 

3450 

1460 

1360 

1360 

1360 

a 

1260 

1570 

4655 

3160 

1360 

1360 

1360 

1360 

a 

1360 

ia36 

4495 

3160 

1360 

1360 

1360 

1360 

a 

1360 

1680 

4195 

302i) 

1360 

1360 

1360 

1360 

•  a 

1360 

1815 

4195 

2880 

1360 

1360 

1360 

1360 

a 

1360 

1815 

4780 

2600 

1360 

1360 

1360 

a 

a 

1360 

1815 

5690 

2600 

1360 

i;%o 

1360 

a 

a 

1360 

2075 

5990 

2m) 

i;i60 

1360 

1360 

a 

a 

1360 

2325 

5990 

2600 

1360 

1360 

1360 

a 

a 

1360 

2600 

5840 

2600 

1360 

1360 

1360 

a 

a 

1^60 

2880 

5840 

26C0 

1360 

13()0 

1360 

a 

a 

1360 

3300 

5540 

2G0O 

1360 

1360 

1360 

a 

a 

1B60 

3745 

493> 

2600 

1360 

1360 

1360 

a 

a 

1360 

3745 

4195 

2475 

1360 

1360 

1360 

d 

a 

1460 

3745 

3885 

23-25 

1360 

1360 

1360 

a 

a 

1460 

3687 

3450 

•J3-25 

1360 

1360 

l^iOO 

a 

a 

1570 

,   3450 

3745 

2325 

1360 

1360 

1360 

a 

a 

1570 

4730 

2880 

2325 

1360 

1360 

1360 

a 

a 

i:.70 

2880 

2880 

2075 

1360 

1360 

1360 

a 

a 

1570 

2880 

3020 

1945 

1360 

1360 

1360 

a 

a 

1570 

29(54 

3160 

1815 

1175 

1360 

1360 

a 

a 

1815 

3160 

3160 

1815 

1175 

1H60 

1360 

a 

a 

1815 

3600 

3450 

1815 

1175 

1360 

1360 

a 

a 

1815 

4345 

H160 

1815 

1175 

1360 

1360 

a 

a 

1815 

4935 

2880 

1815 

1175 

1360 

1360 

a 

a 

1815 

5230 

2880 

1680 

1175 

1360 

1360 

a 

a 

1570 

5690 

2880 

1570 

1175 

1360 

1360 

a 

a 

•  •  a  • 

6140 

■  •  ■  • 

1570 

1360 

•  «  •  • 

1360 

>  ■  •  ■ 

a 

a  Ice. 
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MONTANA    EXPERIMENT    STATION. 


l>aily  Di8chaTK«*  In  Second-feet  of  Jefferaon  River,  at  Sapping1»n,  Mont.,  for  1901. 


« 

Jan. 

a 

Feb. 
a 

Mar. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

a 

1265 

5840 

7580 

2H75 

615 

490 

820 

975 

1065 

2 

a 

a 

a 

1265 

5950 

6748 

2290 

615 

490 

820 

975 

1065 

3 

a 

a 

a 

1265 

6170 

6060 

2120 

615 

430 

820 

975 

10(» 

4 

a 

a 

a 

1265 

6400 

5408 

1871 

615 

490 

820 

976 

1065 

5 

a 

a 

a 

1205 

6400 

5090 

1792 

615 

550 

820 

1020 

1065 

6 

a 

a 

a 

1265 

6170 

4780 

1792 

615 

550 

820 

1020 

1065 

a 

a 

a 

1265 

6170 

4280 

1635 

615 

550 

820  1 

1020 

1065 

8 

a 

a 

1635 

1265 

5950 

3900 

ia35 

615 

615 

820 

1()65 

1065 

9 

a 

a 

lp35 

1375 

5730 

3618 

1505 

015 

648 

820 

1065 

ioa5 

10 

a 

a 

1635 

1875 

5730 

3525 

1505 

615 

680 

820 

1065 

1065 

11 

a 

a 

1635 

1375 

5730 

3250 

1375 

615 

680 

820 

1065 

1065 

12 

a 

a 

1635 

1505 

5840 

3250 

1265 

550 

680 

820 

1065- 

1065 

13 

a 

a 

16:S5 

1505 

5950 

3525 

1155 

550 

680 

820 

1065 

1155 

14 

a 

a 

1505 

1505 

6i85 

3525 

1155 

550 

680 

820 

1065 

1155 

15 

a 

a 

1505 

1505 

6630 

3525 

1065 

550 

667 

820 

1065 

1155 

16 

a 

a 

1505 

1635 

7220 

3525 

975 

550 

648 

820 

1065 

1155 

17 

a 

a 

1505 

1635 

7704 

3340 

97o 

550 

648 

820 

1065 

1265 

18 

a 

a 

1505 

1792 

8575 

3160 

897 

550 

648 

820 

I<i65 

a 

19 

a 

a 

1375 

1950 

9-200 

3160 

897 

550 

680 

820 

1065 

a 

20 

•  a 

a 

1375 

2120 

9325 

2892 

820 

550 

680 

820 

1065 

a 

21 

a 

a 

1375 

2460 

8825 

2630 

820 

550 

680 

859 

1065 

2460 

22 

a 

a 

1375 

2630 

8575 

2375 

750 

550 

715 

859 

1065 

■  «  •  « 

23 

a 

a 

1375 

3070 

8075 

2-290 

750 

550 

750 

859 

1065 

•  •  •  • 

24 

a 

a 

1375 

3800 

7340 

2630 

715 

550 

771 

897 

1060 

«  >  «  * 

25 

a 

a 

1375 

4090 

6a30 

2805 

680 

550 

785 

897 

1065 

*  •  ■  a 

26 

a 

a 

1375 

4285 

6515 

3160 

680 

550 

785 

897 

1155 



27 

a 

a 

1375 

4285 

6a30 

3250 

680 

550 

820 

897 

1155 

>  «  •  • 

28 

a 

a 

1265 

4187 

6748 

3340 

680 

550 

820 

897 

1155 

2S05 

29 

a 

1265 

4780 

7704 

3160 

680 

550 

820 

936 

1155 

m    9    m    m 

30 

a 

1265 

5515 

7828 

2892 

680 

550 

820 

936 

1065 

•  •  *  » 

31 

a 

1265 

•  ■  •  • 

7704 

•  •  ■  • 

615 

550 

■   • 

936 

«  a  •  • 

•  ■  «  • 

Dally  I>I»charg:e  In  .Second-feet  of  JefTenton  River,  at  Sapplng^ton,  M;ont.,  for  10O8. 


1 

2870 

•  •  •  •  •  • 

875 

2870 

9105 

2870 

1272 

685 

875 

1210 

610 

2 

a 

927 

2870 

9105 

2870 

1090 

640 

875 

1210 

610 

3 

a 

1090 

2870 

87f'5 

2870 

1090 

510 

875 

1210 

610 

4 

3375 

a 

1090 

2870 

7905 

.3462 

980 

640 

875. 

1272 

1755 

5i 

6^ 

a 

1210 

2710 

0H17 

4090 

875 

685 

927 

13a5 

1755 

a 

1.335 

2550 

6.3.35 

4040 

875 

685 

980 

laso 

1755 

7 

■     •  •  «  •  ^  * 

a 

1210 

2390 

5555 

4450 

550 

730 

980 

i3a5 

1755 

8  

31)40 

ia35 

23f)0 

5272 

3997 

470' 

775 

980 

i3a5 

1755 

9  ' 

a 

1210 

2955 

5.365 

3550 

550 

775 

980 

ia35 

1755 

.0  ! 

h  '   2870 

H  •:::::: 

a 

13:35 

3462 

53(>5 

3462 

685 

775 

98(1 

ia35 

1755 

a 

l.^35 

:i997 

5555 

3040 

595 

730 

980 

1402 

1755 

a 

1210 

4360 

63a5 

2955 

595 

685 

980 

1470 

1755 

a 

1090 

4450 

6a35 

27JX) 

730 

685 

1090 

1470 

1755 

^1 ' 

a 

I3:j5 

4815 

6^35 

25511 

t  to 

685 

1090 

1540 

1755 

3205 

980 

5460 

'6335 

2470 

775 

685 

1090 

1610 

1755 

]' 

a 

1090 

6525 

6040 

2150 

775 

685 

1090 

1610 

1610 

a  Icp. 
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Daily  Discharm^e  of  JefT^raou  River,  for  190)8,  Continnecl. 


I 


e       Jan. 


17 

18 

a 

19 

a 

20 

a 

21 

a 

22 

a 

23 

a 

24 

a 

25 

3205 

26 

r  ^ 

27 

a 

28 

a 

29 

a 

30 

a 

31 

a 

Feb. 


a 
a 
a 
a 
a 
3205 
a 


Mar. 


1090 
980 


April. 

May. 

June. 

July. 

Auk. 

Sept 

Oct. 
1090 

Nov. 
1610 

Dec. 

1210 

7110 

5555 

2070 

775 

685 

1470 

1210 

6915 

4450 

1992 

875 

730 

1090 

1610 

1470 

13:i5 

6335 

3905 

1992 

875 

775 

1090 

1755 

1470 

1610 

6140 

3462 

2230 

i)80 

775 

^  low 

1755 

1470 

2870 

6140 

3290 

2070 

927 

775 

1090 

1682 

1470 

3462 

5750 

3040 

1992 

875 

775  , 

1090 

1610 

1470 

a550 

5365 

2870 

1835 

825 

775 

1090 

1470 

1470 

3550 

5652 

2870 

1755 

775 

775 

1090 

1470 

1470 

3550 

5750 

2870 

1610 

775 

775 

1150 

1470 

1610 

3122 

5750 

2790 

1540 

775 

775 

1210 

1470 

1610 

:mo 

5845 

2710 

1335 

7/5 

825 

1210 

1470 

1610 

3040 

6450 

2710 

ia35 

775 

875 

1210 

1470, 

1610 

3040 

7305 

2710 

1335 

775 

87ft 

1210 

1470 

1610 

2870 

86(>5 

2870 

1210 

685 

875 

1210 

1470 

1610 

•  «  •  • 

9305 

•  ■  •  • 

1210 

685 

•  •  • 

1210 

.-...  '1610 

Daily  DiH«harg:e  In  Secoiid-feet  of  Gallatin  Kiver,  at  Liog^an,  Mont.,  for  1902. 


1 

a 

a 

560 

710 

4430 

* 

450 

400 

590 

590 

780 

2 

a 

a 

560 

710 

4275 

* 

423 

400 

590 

590 

650 

3 

a 

a 

560 

710 

3450 

4c 

400 

400 

590 

590 

650 

4 

a 

a 

560 

710 

710 

3165 

* 

400 

400 

590 

590 

710 

5 

530 

a 

560 

710 

GTiO 

2765 

* 

4(J0 

400 

590 

590 

780 

6 

530 

a 

560 

710 

650 

2895 

* 

382 

400 

590 

a50 

•;io 

7 

530 

a 

560 

710 

710 

2895 

* 

382 

400 

590 

590 

710 

8 

530 

a 

554 

710 

180 

4050 

* 

382 

400 

590 

650 

710 

9 

530 

a 

780 

710 

940 

3970 

* 

382 

400 

5vK) 

650 

()50 

10 

530 

a 

780 

710 

940 

4275 

* 

400 

400 

590 

650 

650 

11 

530 

a 

780 

710 

1120 

4430 

* 

400 

400 

590 

710 

650 

12 

530 

a 

710 

710 

urn 

4050 

* 

400 

400 

590 

780 

590 

13 

530 

a 

710 

1910 

4850 

* 

400 

590 

710 

5:^ 

14 

530 

a 

710 

1965 

4430 

1025 

400 

X 

590 

650 

650 

15 

530 

a 

710 

2895 

2380 

860 

423 

590 

650 

780 

16 

530 

590 

710 

3025 

1910 

780 

423 

590 

650 

940 

17 

530 

590 

710 

3090 

ia50 

710 

423 

. 

590 

650 

1850 

18 

a 

590 

710 

:^090 

1790 

710 

450 

V 

591) 

650 

1790 

19 

a 

590 

710 

2960 

1850 

710 

450 

590 

710 

2260 

20 

a 

590 

710 

296(J 

1630 

650 

423 

V 

59  ► 

m) 

2320 

21 

a 

590 

710 

2895 

1415 

590 

423 

590 

590 

2570 

22 

a 

590 

710 

2a30 

1630 

590 

423 

590 

650 

2960 

23 

a 

560 

710 

2895 

1735 

530 

423 

5'K) 

710 

3240 

2i 

a 

560 

710 

•  ■  •  •  ■  • 

2830 

1735 

480 

423 

590 

780 

2895 

25 

a 

560 

710 

2570 

1<>30 

450 

400 

590 

780 

2830 

26 

a 

560 

710 

2570 

1735 

450 

423 

5:k) 

780 

2830 

27 

a 

560 

710 

3025 

1415 

450 

400 

590 

780 

t2iK>0 

28 

a 

560 

710 

3520 

1520 

480 

400 

590 

5'»0 

780 

1415 

29 

a 

•   •   V 

710 

36/0 

* 

450 

400 

590 

590 

780 

1415 

30 

a 

*  •  • 

710 

3895 

* 

450 

400 

590 

590 

780 

1965 

31  1 

a 

•  •  • 

710 

4350 

* 

423 

40(J 

590 

•  •  • 

2200- 

tt  ...  iiyj      t.>A;         -^  ^.i.3       tKRj      .jyu 

Ice.    ♦  No  record,    t  Record  unreliable.    X  Ice  going  out  caused  fall  in  riv»«r 


12 

4- 

MONTANA  EXPERIMENT 

STATION. 

Dally  Dific 

JiHrj^e  1 

II  Secoii<l-fe«»t 

of  Went  Gallatin  River,  at  SaleHvllle.  Mont.,  for  1 

L909. 

• 

Jan. 

Feb. 

Mar. 

April. 

May. 

June.  1 

July. 

Aug. 

Sept. 

Oct, 

• 

Nov. 

Dec. 

1 

400 

400 

360 

1 

360 

m) 

5000  ! 

1530 

810 

5a) 

450 

450 

450 

2 

400 

4a) 

360 

360 

500 

3220 

1665 

475 

450 

450 

450 

3 

4a) 

450 

m) 

3^) 

450 

2775  ! 

17:37 

7(X) 

450 

450 

450 

450 

4 

400 

500 

360 

360 

45(J 

2605  , 

I5:w 

7a) 

450 

450 

450 

450 

5 

400 

625 

360 

360 

450 

2605  ! 

1415 

700 

4a)  i 

450 

450 

450 

6 

400 

650 

360 

360 

5(X) 

2605 

1415 

650 

400 

450 

450 

450 

7 

4(X) 

a')0 

360 

360 

m) 

3130  1 

1310 

650 

4(X) 

450 

450 

450 

8 

400 

6(X) 

360 

360 

650 

4887  1 

12a3 

650 

360 

450 

450 

47iCl 

9 

400 

6U) 

360 

360 

SlO 

5225  . 

1215 

650 

360 

450 

450 

360 

10 

400 

600 

360 

360 

982 

5(XX) 

1215 

6(X) 

360 

450 

450 

a?o 

11 

400 

5<X) 

360 

m) 

1060 

5(XXJ 

1215 

6a) 

360 

450 

450 

360 

12 

400 

5(K) 

360 

360 

1175 

4325 

1215 

550 

:360 

450 

450 

360 

13 

4(J0 

500 

1  360 

4a) 

1472 

4325 

126:J 

6(X) 

3r,0 

450 

450 

,  300 

U 

4(X) 

450 

'  3()0 

400 

1885 

4213 

1263 

6(X) 

:^60 

450 

450 

'  360 

1") 

400 

4a) 

,  360 

360 

2690 

3595 

1310 

6(X) 

450 

450 

450 

'SCjO 

16 

41 K) 

4(X) 

,  3(50 

360 

2120 

2605 

1310 

6(X) 

4a) 

45(J 

450 

:3*iO 

17 

400 

4(X) 

360 

360 

1885 

2445 

1310 

ax) 

4(X) 

45t) 

450 

,  330 

18 

400 

360 

360 

360 

1597 

2445 

9:30 

550 

450 

450 

450 

'  315 

19 

m) 

3()0 

1  360 

360 

1415 

2285 

11:35 

550 

450 

450 

450 

1  4(X) 

20 

360 

360 

360 

5(X) 

1175 

1960 

11:35 

550 

450 

450 

•450 

4<X) 

21 

360 

3()0 

:m) 

500 

l(r28 

1960 

995 

550 

450 

450 

450 

450 

22 

360 

300 

360 

450 

1060 

20H) 

995 

550 

4(X) 

450 

450 

450 

23 

360 

360 

m) 

450 

1215 

2285 

9«5 

550 

450 

450 

450 

450 

24 

360 

3(K) 

,  392 

450 

1472 

2:365 

995 

5(X) 

450 

450 

45<» 

450 

25 

m) 

360 

380 

450 

1472 

2285 

995 

5(X) 

450 

450 

4(X> 

450 

26 

360 

3(50 

392 

450 

1960 

2445 

995 

5(X) 

450 

450 

3<50 

450 

27 

360 

,  3(;o 

372 

450 

2525 

2120 

995 

5(X) 

450 

450 

330 

450 

28 

4(K) 

;  36(J 

,  380 

450 

3997 

1960 

995 

5(X) 

450 

450 

3(U) 

450 

29 

4CK) 

•  ■  ■ 

380 

450 

4663 

15:30 

870 

5(X) 

450 

450 

450 

450 

30 

400 

1      ■   a   • 

360 

450 

53:38 

1530 

870 

5(X) 

450 

451) 

450 

3#X) 

31 

i  4(K) 

.  .  . 

.  :^60 

•  •  ■ 

5565 

■  •  ■  ■ 

870 

5(X) 

450 

•  ■  • 

360 

Daily  Di8ohars:e  in  Second-feet  of  Went  Gallatin  Klver,  at  SaleHville,  Mont.,  for  1001. 


1  , 

455 

455 

455 

475 

1230 

4125 

1440 

562 

475 

495 

475 

455 

2  ! 

475 

455 

455 

455 

1580 

3945 

lliiO 

625 

495 

495 

475 

155 

3 

475 

455 

455  1 

455 

2545 

15425 

lino 

625 

495 

495 

475 

455 

4  , 

495 

455 

465 

455 

2075 

2940 

lla) 

5f)0 

475 

495 

475 

455 

5 

515 

455 

4:35 

455 

17JH) 

2780 

1160 

5e>2 

495 

495 

475 

455 

6 

505 

4(:5 

441 

475 

1650 

2540 

10:37 

535 

495 

495 

475 

455 

525 

461 

455 

475 

1580 

2380 

10:37 

535 

495 

495 

475 

455 

8 

535 

455 

4:i5 

475 

1930 

2780 

10:37 

535 

495 

495 

475 

455 

9 

5(« 

4i).) 

435 

455 

1930 

27M0 

915 

535 

495 

495 

475 

455 

10 

"   515 

455 

455 

475 

2150 

2a)5 

915 

5:35 

495 

495 

475 

455 

11 

515 

455 

435 

475 

2225 

18(X) 

915 

535 

495 

495 

475 

455 

12 

515 

495 

435 

475 

2540 

1720 

915 

1  535 

495 

495 

475 

,  455 

13 

515 

495 

435 

475 

3ia) 

lt)50 

8:32 

1  535 

495 

495 

475 

455 

14 

515 

495 

435 

475 

:a80 

1(>50 

832 

,  525 

495 

495 

475 

'  m 

15 

535 

495 

435 

481 

4412 

1720 

750 

'  495 

495 

495 

475 

475 

16 

535 

495 

435 

475 

5(V)8 

1580 

71X3 

1  495 

495 

'495 

475 

'  475 
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Dally  DiflCharKe  of  West  Oallatin  River, 

for  iQOi 

,  Continued. 

Jan. 

Feb. 

Mar. 

April. 

May. 

June. 

July. 

Auflr. 

Sept. 

Oct. 

Not. 

Dec 

17 

515 

455 

4a5 

475 

6^32 

1650 

705 

515 

495 

475 

475 

453 

18 

525 

455 

HI 

475 

7810 

1580 

660 

515 

495 

475 

475 

455 

19 

525 

455 

441 

495 

6475 

1650 

660 

515 

495 

475 

475 

455 

20 

515 

455 

455 

728 

6475 

1790 

590 

535 

495 

475 

455 

455 

21 

600 

455 

455 

750 

4945 

1860 

590 

535 

495 

475 

435 

455, 

22 

535 

455 

455 

750 

3940 

2300 

590 

515 

495 

475 

435 

455 

23 

495 

455 

455 

750 

3260 

2300 

590 

515 

495 

475 

435 

455 

24 

,  475 

475 

465 

625 

3425 

2300 

590 

515 

495 

475 

435 

455 

25 

1  475 

475 

475 

660 

3677 

2300 

590 

495 

495 

475 

4:J5 

455 

2f; 

475 

475 

475 

625 

4618 

2150 

590 

495 

495 

475 

455 

455 

27 

475 

461 

473 

5f53 

4(il8 

1860 

590 

495 

495 

475 

475 

455 

28 

475 

465 

473 

563 

5415 

1720 

535 

495 

495 

475- 

455 

455 

29 

475 

•  ■  • 

473 

-  660 

4412 

1580 

535 

495 

495 

475 

455 

455 

3i) 

455 

•  •  • 

473 

I  750 

4310 

1440 

535 

495 

495 

475 

475 

455 

31 

455 

•  •  • 

455 

4310 

■  •  »  • 

515 

495 

•  •  a 

475 

•  •  ■ 

455 

Daily  Discharge  in  Second-feet  of  Middle  Creek,  at  Bozeman,  Mont.,  for  190a. 


1 

1 
1 

1 

2 
3 

4 

, 

5 

..... 

6 



.  •  .  • 

■ 

7 

8 

. , ,  i , . 

9 

10 

• 

11 

1 
1 

12 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

\ 

■"■■i :::' 

''!"'''*! 1 1"  \  / 

226 
181 
1»1 

136 

1 

136 

' 

107 
107 
107 
107 
136 
136 

t  '  ,*  *  1 t 

t 

1 

1 

1 

,  , 

26 

1 

181 

27 

226 

28 

271 
271 
271 
316 

29 

■ 

30 

31 

...•.■,...... 

( 
•  •••••'1 

226 
181 
136 
136 
136 
181 

•  •  • 

226 
316 
361 
316 
271 
316 

•  •  • 

271 
226 
181 
ISl 
158 
181 

•  •  • 

226 
226 
249 
226 
226 
181 

«  •  • 

181 


181 
1«1 
181 
158 
158 

■  •  • 

136 
122 
122 
122 
122 
122 

•  ■  • 

107 
107 
122 
122 
107 
97 

•  ■ 

97 
97 
97 
97 
97 
88 

•  • 

80 
72 
72 
72 


72 
72 

•  ■ 

72 
«9 
66 
66 
6« 
60 

«  « 

60 
<K) 
(X) 
60 
60 
()0 
60 
60 
53 
53 
53 
53 
53 

■  « 

53 
53 
53 
53 
53 
53 


53 
53 
51 
51 
51 
49 

■  • 

49 

49 

49  I 

49 

49 

49 

•  • 

49 
49 
49 
49 
49 
49 

•  ■ 

49 

49 

49' 

51 

51 

51 

•  • 

51 
51 


51 
51 
51 


•n 


r^ 

b 

MONTANA  EXPERIMENT 

SIATION. 

m 

Dally  Discharge  in  Second-feet  of  Yellowstone  River,  at  Livingston, 

riont.. 

for  1901. 

• 

>> 

Jan. 

Feb. 

Mar. 

April. 

1 

May. 

June 

July. 
7920 

• 
Auff.  1  Sept. 

■ 

Oct. 

;  Nov. 

1 

Dec. 

1 

l:U6 
1369 

1316 
1316 

2(M37 
4166 

13250 
13250 

.^V20   2440 

2050 
2050 

1750 
1750 

1473 

2 

a 

7610  1  ^5820  2380 

P    •    V    ■ 

3 

a 

1240 

1316 

5aV2 

12725 

8075  44(X)  ;  2440 

2050 

1700 

■  •  •  > 

4 

a 

1085 

1110 

1343 

osm 

12200 

7610  ,  3820 

2560 

2050 

17(X) 

•  ■  •  • 

ib 

a 

1163 

1343 

4941 

11700 

745")  3660 

25a) 

2050 

17a) 

■  •  «  * 

« 

12^)5 

1343 

4732 

10  ^-75 

7320  3520  2500 

2050 

17a) 

13«() 

^ 

^ 

1316 
1316 
1316 

131*5 

1369 
1369 
1343 
1369 

5052 

10775 

6765  3380  2440 
6645  3380  !  2380 
65VX)  3i80  '  2380 
6250  .3380  2320 

205(J 
2CX)0 
2tXX) 
2000 

17a) 
1655 
1655 
1610 

8 

5740  10775 
5980  9950 
fi475  9950 

.... 

9 

1286 

10 

a 

•••••• 

•  ■  •  ■ 

11 

1085 

12iK) 

1369 

7270  9550 

6250  3240  i  2210 

2050 

1610 

.... 

12 

1265 
1316 

1395 
1462 

8470,  9550 
....  1  9200 

6550  3100  2210 
6(XX)  MO:^  2210 

2050 

2000 

1610 
1610 

13 

a 

14 

1265 

131(> 

1462 

95(X)!  8850 

5750  -2960  2210 

2(XX) 

1565 

•  «  •  • 

15 

1316 
1316 
1316 
1343 

1395 
1420 
1369 
1395 

10800 
lia50 
13800 
186(50 

a540 
85*0 
H2:^) 
92(X) 

551X)  2i)60  *?210 
54(X)  29a)  i  2155 
52(X)  ;  2320  2100 
490(.)  ;  2820  21(J0 

2000 
1950 
1950 
1900 

1565 
1520 
1520 
1497 

16 

17 

18 

1085 

19 

1343 
1343 
1316 

1395 
1420 
1502 

25810 
26525 
222.30 

92a) 
10350 
10775 

48(X)  1  2755  2100 
46U)  '  2890  2a50 
45(X)  3660  I  2050 

1900 
1850  i 
1850  1 

1497  1 
1473 

1473  : 

20 

21 

1137 

ir«i) 

22 

■ 

1369 
1369 
13()9 
1369 

1585 
1672 
1S08 
1902 

19375 
12725 
122(X) 
122(X) 

10350 

10350 

11200 

9950 

4300  ;  3240  2050 
4220  ;  2890  2050 
4220  2820  2155 
4220  2690  21^20  ; 

ia5() 
1850 
1811)  j 
18(X) 

1473 
1473 

1381) 

2? 
24 

•••*• 

1380 

25 

1112 

1381 

26 



1.395 
1369 
1343 

1902 
1855 
1672 

13850 
17230 
20805 

10350 
8850 
8850 

4140  2625  2320 

18tX) 
1750 
1750 

13«0 

27 

40oO  2560 

2210 

28 

1085 

...... 

3980  ,  2560  2155 

1240 

29 

1343 
1316 
1316 

1760 
2050 

•  •  •  ■ 

20090 
19375 
15800 

8695 
S540 

3820  2560  2155 

1750 
1750  ■ 
1750  ' 

nont., 

for  1902 

lls*2 

m 

3710  ;  25(X) 

21(X) 

1192 

31 

351X)  2440   

ngston. 

Daily  D 

>lscharg< 

e  in  Sec 

ond-feet 

.  of  Yellowstone 

i   River,  at  Livi 

1. 

1 

1205 

a 

1280 

1280 

1677  12850 

9550  5r)50  2')92 

1770 

1397 

1205 

2 

1205 

>  >  ■  • 

1317 

1317 

KUO  101)50 

95.50'  5453  2r>05 

1715 

1397 

12(.X5 

3 

1440 

KXX) 

1280 

1317 

1640 

9950 

10110  5258  2505 

1715 

i:i55 

1135 

4 

1495 

um 

1280 

1317 

1640 

9750 

9710 

rmi)    2427 

1715 

1355 

1135 

5 

1440 

1135 

1242 

1317 

1677  ,  10:}50 

(C),-)0  4912   2350 

1677 

1242 

1205 

0 

1355 

U.T) 

1280 

1^55 

1677  10:i')0 

9150  4717   2T)0 

1677 

12(X5 

1135 

1440 

1135 

1280 

1355 

2010  1035(.) 

8:»50,  4H20  2277 

1677 

1280 

a 

8 

1440 

11:C) 

1280 

1355 

2427  11050 

S647  ,  4522  2277 

1640 

1397 

KXX) 

9 

1440 

.... 

1242 

1317 

412")  12950 

8408  4425  2205 

1640 

1.397 

1205 

10 

1410 

1280 

1280 

1317 

5;V)6  14;}50 

8;r)0'  432')  2205 

1640 

1.3J)7 

1205 

11 

1355 

13.55 

1280 

1340 

6;r>8  !  14()50 

8350^  4225  2137 

1640 

1440 

11:35 

12 

I'^V) 

1280 

1340 

6551  14150 

sr>05  4225  2070 

1640 

1440 

iia5 

13 

1205 

1 .355 

1280 

1317 

7960  13550 

85 15  4225   2010 

1595 

1440 

12(15 

U 

1205 

12S0 

1242 

'  1317 

8(>0() 

11250 

8545.  4125  '  2010 

1595 

144<.) 

15 

1280 

1280 

1280 

1317 

9850 

11850 

.  8350  4125  1  1950 

1595 

13f)7 

UXX) 

IG 

1205 

1440 

1280 

'  1355 

9110 

11210 

1  81.')5  4025  1  1950 

I  1550 

1355 

'  96 

a  Id. 
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» 

• 

Dally  Dificharse  of  Yellowstone  River,  for  1902, 

Continued. 

s   Jan.  ' 

Feb. 

Mar. 

April. 

May.  j 

June. 

July. 
8117 

Auff. 

Sept 
1950 

Oct. 
1.5.50 

Nov. 
1.355 

Dec. 

17  I  1205  ! 

1495  ' 

1280 

imi 

9250 

10710 

4(>25 

1000 

18 

ia55 

1440  ' 

1280 

1495 

8;i51 

10550 

782:^ 

4025 

1950 

1.5.50 

laV) 

1000 

19 

1317 

1440 

1280 

1640 

74a3 

102)0  7472 

3910 

1950 

1495 

1317 

1060 

2() 

1280 

1280 

1280 

2137 

6453 

9910,  7277 

3840 

1887 

1495 

1.317 

11.35 
11.3o 

21 

120) 

1280 

1280  • 

18-25 

6156 

10110;  7180 

:%45 

1887 

1495 

1242 

22 

1280 

1280 

1280  1 

1550 

5590 

10350  7141 

3445 

1825 

14r5 

1170 

li;55 

23 

1317 

1280 

1280 

1825 

545;^ 

10650 

6985 

3:^17 

1825 

1440 

1205 

12(^5 

24 

a 

1280 

1280 

1715 

5690 

10810 

6887 

3250 

1825 

1440 

1242 

11.35 

25  1  a 

1280 

1280 

1640 

6848  10550 

6790 

3150 

1825 

1440 

1280 

1280 

28  ■  a 

1280 

1317 

1550 

7921  10610  6a50 

305(J 

1770 

1440 

1205 

ia55 

27  '  a 

1280 

1317 

1550 

9710  10250 

6453 

2927 

1770 

1440 

1170 

1205 

28  ,  a 

1280 

1280 

1550 

11050 

10^50 

6195 

2805 

1770 

1440 

1170 

•  •  •  • 

29 

a 

•  •  •  • 

1170 

1595 

liaV)  ^650 

6097 

2742 

1770 

1440 

1170 

1060 

3() 

a 

•  •  •  • 

1170 

1640 

12750 

9750 

6000 

2680 

1770 

1440 

11,35 

1060 

31 

1000 

•  •  ■  « 

1205 

•  •  ■  • 

13.350 

•  «  ■  • 

5853 

2680 

•  •  •  ■ 

1397 

•  •  •  • 

1060 

D« 

lily  Disc 

hargre  ii 

1  5econ< 

1-feet  of  Marias  River, 

at  Slielby,  Mont.,  for  1 

1903. 

f 

1 

1 

1 
* 

720  6633 

2399 

1020 
1020 
93.) 
9.35 
9:^ 
855 

540 
480 
425 
480 
540 
540 

425 
425 
*  425 
425 
425 
425 

425 
425 
4!>5 
425 
425 
.373 

48(J 

o 

t 

720 
855 

6457   ;3983 
610)   6457 

480 

3 

480 

4 

352 
;357 
349 

720  1  4883  12793 

480 

•> 

660 

4:1)5  145r)3 

480 

6 

• 

6(X)  1  3983  10153 

480 

1 

8 

9 

10 

.337 
337 

660  3807 
855  !  3a31 

7161 
n929 

780 
720 
780 
935 

540 
480 
425 
.373 

42.5 

425 

425 

'  425 

425 

425 

;  .373 

425 

480 

1 

480 

1 

1 

373 

9.T)  310;3   5059 
1190  1  :^U   4531 

480 

1 

(  •  ■  *  ■  •  * 

480 

11  

373 

lUK)  4159  i  4159 

780 

425 

,  425 

425 

480 

12 
13 
14 
15 
16 

1 

1 

373 
373 
373 
425 

;3(X) 

2047  4159   .3807 
2047  :5807   3103 
2047  3279  ,  3103 
2927  3103   3103 
,  52a")  2927   2927 

720 
600 
60) 
<>(K) 
540 

1  425 
425 
425 
425 

1  480 

i  425 

425 

425 

,  425 

'    425 

480 
720 
660 
;  660 
600 

6(X) 

1 

' 

,  660 

1  •  •  •  •  *.  • 

660 

m) 

' 

(m 

17 
18 

:j33 

1  4707  3103   2927 
4159  1  2927   2399 

'  540 
,  6(J0 

425 
425 

425 
425 

660 
600 

<i(X) 

1 

'  600 

19  

; 

i 

:^13 

4159  2575   2399 

425 

480 

425 

600 

'  6(X) 

2rj  

i 

!  3;^^ 

3807  *2575   2223 

373 

42) 

425 

6(X) 

660 

21 
22 

24 
25 
26 
27 
28 
29 
30 
31 

1 

(500 

,  720 

'  660 

,  600 

540 

480 

540 

540 

540 

660 

11913  -2399  1  *>22.3 

37.3 

480 

5;i3 

540 
6(iO 
72(J 
600 
iU) 
480 
:  425 

425 
600 
540 
42") 
480 
425 
425 
425 
480 

480 

1 

425 
425 
425 

,  425 
425 
425 

1  425 
425 
425 
425 
425 

540 
6(X) 
6(X) 
600 
540 

;  .540 
480 
480 

1  480 
480 

1 

660 

« 

,18073  2223 

11.385;  2399 

1  11737  2047 

2047 
1871 
1.V2() 

m) 

r  '  •   * 
1 

!  6(XJ 

' 

()(X) 

• 

,  11033  2:^)9   1402 
6457  '  2:{9i)   1:V20 

CM 

1 

6()0 

1 

1 

5753 
,  66.33 

2927  '  152(J 
2751   1695 

('.60 

1  ■  •  *  •  •  ' 
1 

t 

6C>0 

, 

, 

'  6<09!  '2575  ,  14(r2 

7513'  2751   1190 

,  6809      :  niM) 

.51K) 

1 

480 

1 

1 

480 



a  Ice. 
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pally  Discharge  In  Second-feet  of  St, 

riary  River,  at  Outlet  of  Lower  Lake 

,  for  ipoa. 

Day 

Jan. 

Feb. 

Mar. 

April. 

May. 

June. 

2700 
2640 
2640 
2220 
2040 
1800 
1500 
15(X) 
1620 
1620 
1680 
1620 
1620 
1500 
1680 
1620 
1560 
1440 
1440 
1440 

i;^20 

1200 
1140 
960 
960 
1320 
1260 
1440 
1440 
1320 

»  •  •  • 

July. 

Auff. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

182 

225 

310 

310 

310 

310 

310 

310 

3J)5 

395 

395 

3^5 

395 

437 

840 

960 

1620 

1620 

1860 

24(K) 

2640 

26411 

2640 

2820 

2700 

2640 

2640 

2040 

2100 

2640 

2640 

1560 

1680 

1980 

2940 

3000 

2880 

2640 

2520 

2340 

2160 

2040 

2040 

1800 

1800 

1560 

1560 

1560 

1500 

1500 

1440 

1440 

1440  1 

1380 

1440 

1440 

1500 

1380 

1380 

1320 

1200 

1140 

1140 
1080 
1020 
960 
960 
960 
900 
900 
900 
780 
840 
840 
810 
840 
840 
840 
780 
780 
780 
780 
780 
720 
720 
660 
6G0 
660 
660 
'  660 
600 
600 
600  1 

540 
480 
480 
480 
*37 
437 
437 
437 
395 
395 
.352 
352 
a52 
a52 
310 
a52 
352 
310 
310 
310 
310 
310 
310 
310 
267 
267 
267 
267 
267 
267 

•  •  • 

267 
;  267 
267 
267 
225 
225 
225 
225 
*  225 
225 
225 
225 
225 
225 
225 
225 
225 
2-25 
225 
225 
225 
2-25 
225 
225 
225 
182 
182 
182 
182 
182 
182 

182 
182 
182 
182 
140 
140 
140 
140 
140 
140 
140 
140 
140 
140 
140 
140 
140 
140 
140 
140 
140 
140 
140 
140 
97 
97 
97 
97 
97 
97 

m     • 

97 

2 

97 

3 

97 

4 

97 

5 

■  •  *  ■  ■ «■ 

97 

6 

97 

7 

a 

8 

a 

9 

97 

97 

97 

97 

97 

97 

140 

140 

140 

140 

140 

97 

97 

140 

182 

225 

225 

140 

140 

140 

140 

182 

•  ■ 

a 

10 

a 

11 

a 

12 

a 

13 

a 

14 

a 

15 

a 

16 

a 

17 

a 

18 
19 

9  •  •  •  •  • 

a 
a 

20 

a 

21 

a 

22 

a 

23 

a 

24 

a 

25 

a 

26 

182 

27 

225 

28 

182 

29 

•  ••■•• 

182 

30 

140 

31 

140 

Dally  Discharge  in  Second>feet  of  St.  Mary  River,  at  Main,  Mont.,  for  ipoi. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 


1 

1 

. 

1 

1 

1 

, 

' 

2317 

2199 

2164 

1574 

655 

1515 

655 

ia38 

a32 

1279 

a32 

1220 

a32 

1161 

655 

1161 

677 

1102 

677 

1102 

655 

1043 

609 

1043 

587 

984 

567 

937 

567 

937 

567 

842 

567 

842 

587 

465 
465 
445 
425 
425 
425 
425 
425 
425 
425 
425 
425 
425 
iiX) 
405 
405 


328 
328 
312 
312 
278 
278 
278 
268 
278 
312 
328 
365 
328 
328 
312 
278 


278 
278 
278 
268 
268 
268 
258 
258 
258 
258 
248 
248 
248 
248 
238 
238 


a  Ice. 
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Dslly  Discharge  of  St. 

Mary  River,  for  1901, 

Continued. 

>> 

p 

Jan. 

Feb. 

Mar. 

April. 

May. 

June. 

July. 

Auff. 

Sept. 

Oct. 

Nov. 

Dec. 

17 

2046 
1928 
1928 
1928 
1869 
1869 
1869 
1810 
1869 
1869 
18  Lo 
1810 
1751 
1633 
1574 

795 
795 
766 
766 
766 
736 
736 
736 
704 
704 
704 
677 
677 
677 
655 

587. 

567 

567 

567 

546 

546 

525 

505 

505 

5()5 

505 

485 

485 

485 

•  «  • 

405 
405 
405 
405 
385 
385 
385 
385 
365 
365 
365 
365 
365 
328 
328 

278 
278 
278 
268 
268 
268 
268 
278 
278 
278 
295 
295 
295 
295 

•  >  ■ 

238 

18 

232 

19 

232 

20 

232 

21 

232 

22 

227 

28 

227 

24 

227 

25 

■ 

227 

26 

221 

27 

221 

28 

221 

29 

221 

30 

221 

31 



...... 

221 

Daily  DIscbarKe  in  Second-feet  of  5t.  Hnry  River,  at  Main,  Mont.,  for  190J, 


1 

2 

3 

/  •  •  ■ 

4 

5 

6 

185 

7 

185 

8 

195 

9 

195 

10 

195 

11 

208 

12 

208 

13 

22(» 

14 

220 

15 

220 

16 

245 

17 

'>73 

18 

273 

19 

3a5 

•^ 

305 

21 
2:^ 

305 
321 

'^ 

321 

24 

338 

25 

a38 

26 

a56 

27 

356 

28 

a56 

29 

373 

.30 

373 

31 

•  ■  • 

373 

394 

3v»4 

415 

458 

479 

501 

544 

630 

790 

960 

1202 

1568 

2178 

2544 

2910 

3520 
3154 
3886 
4868 
4252 
4130 
4252 
4130 
3886 
3947 
4069 
4374 
4618 
4252 


4130 
3886 
3642 
3276 
3154 
2910 
2788 
2788 
2910 
3032 
3032 
2910 
2910 
2788 
2910 
2788 
2666 
2544 
2422 
2300 
2178 
2544 
2544 
2544 
2544 
2788 
2788 
2788 
2788 
2910 


2910 
3276 
6448 
6692 
5838 
4862 
4618 
3642 
3154 
2910 
2666 

2300 
2178 
2056 
1934 
1934 
1812 
1690 
1568 
1690 
1690 
1812 
1812 
1934 
1934 
1934 
1934 
1812 
1751 
1629 


1507 

1406 

1328 

1252 

1214 

1214 

1214 

1214 

1252 

1252 

1252 

1214 

1176 

1138 

1200 

1062 

1062 

1062 

1024 

986 

1024 

986 

910 

910 

910 

910 

876 

876 

842 

811 

750 


750 
690 
612 
612 
612 
612 
612 
612 
565 
565 
565 
541 
541 
518 
494 
518 
541 
494 
494 
470 
424 
377 
330 
293 
311 
311 
293 
293 
293 
293 


293 
330 
330 
.330 
293 
293 
293 
275 
275 
275 
257 
257 
257 
275 
257 
257 
257 
275 
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Dsily  Discharge  In  Second-toet  of  Milk  River,  at  Havn 

1,  Mont 

.,  for  I90I. 

» 

Jan. 

Feb. 

Mar. 

1640 

4040 

2960 

1820 

1340 

1100 

2540 

2900 

1340 

1100 

1025 

1025 

1100 

1062 

1280 

890 

1100 

890 

780 

730 

680 

540 

510 

480 

680 

510 

510 

480 

420 

360 

360 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Not. 

Dec. 

1 

280 
280 
280 
230 
255 
255 
230 
180 
180 
180 
155 
155 
155 
155 
115 
205 
115 
115 
135 
135 
155 
135 
135 
180 
255 
280 

a32 

318 
318 
280 

•  •  • 

280 
280 
280 
2540 
1700 
1100 
1460 
730 
730 
540 
450 
360 
360 
360 
305 
305 
280 
280 
230 
230 
255 
585 
680 
890 
830 
780 
730 
630 
780 
730 
680 

680 
480 
360 
360 
360 
360 
360 
360 

:i32 

332 
360 
332 

780 
1340 
760 
760 
820 
760 
760 
650 
600 
500 
500 
500 
500 
500 
425 
387 
350 
350 

•  •  ■  • 

350 

350 

290 

260 

260 

230 

203 

203 

290 

350 

462 

310 

230 

2a3 

203 

175 

175 

153 

J 12 

95 

80 

80 
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1904. 


LETTER  OF  TRANSMITTAL. 


BozEMAN,  Montana,  December  31,  1903. 

To  His  Excellency,  Joseph  K.  Toole, 

Governor  of  Montana. 

Dear  Sir: — In  accordance  with  the  Congressional  Act  of 
March  2,  1887,  I  have  the  honor  to  transmit  herewith  the  tenth 
annual  report  of  the  Montana  Experiment  Station.  The  financial 
statement  is  for  the  year  ending  June  30,  1903,  the  results  of  in- 
vestigations of  the  several  departments  are  reported  to  the  end  of 
the  State  year,  November  30,  1903. 

Very  respectfully, 

F.   B.    LiNFlELD, 

Acting  Director. 
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All  communications  for  the  Experiment  Station  should  be 
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THE   DIRECTOR, 

Montana  Experiment  Station, 
Bozeman,  Mont. 
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REPORT  OF  THE  TREASURER. 


The  Experiment  Station  of  the  Agricultural  College  of  the  State 

of  Montana  in  account  with  the  United  States  appropriation, 

1902-1903. 

Dr. 

To  receipts  from  the  Treasurer  of  the  United  States  as 
per  appropriation  for  fiscal  year  ending  June  30, 
1903,  as  per  Act  of  Congress  approved  March  2, 
1887 $15,000.00 

Cr. 

Bv  Salaries $  8,818.50 

Labor 2,218.85 

Publications 1,368.87 

Postage  and  stationery 250.21 

Freight  and  express 356.25 

Heat,  light,  \Yater  and  power 284.67 
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Library 235.18 

Tools,  implements  and  machinery 237.71 

Furniture  and  fixtures 300.00 

Scientific  apparatus 107.21 

Contingent  expenses 65.00 

Total $15,000.00 

We,  the  undersigned,  duly  appointed  Auditors  of  the  Corpora- 
tion, do  hereby  certify  that  we  have  examined  the  books  and  ac- 
counts of  the  Experiment  Station  of  the  Agricultural  College  of 
the  State  of  Montana  for  the  fiscal  year  ending  June  30,  1903 ; 
that  we  have  found  the  same  well  kept  and  classified  as  above, 
and  that  the  receipts  for  the  year  from  the  Treasurer  of  the  United 
States  are  shown  to  have  been  $15,000.00,  and  the  corresponding 
disbursements  $15,000.00;  for  all  of  w^hich  proper  vouchers  are 
on  file  and  have  been  bj'^  us  examined  and  found  correct,  thus  leav- 
ing no  balance. 

And  we  further  certify  that  the  expenditures  have  been  solely 
for  the  purposes  set  forth  in  the  Act  of  Congress  approved  March 
2,1887.  Signed: 

Attest:  E.  B.  Lammb, 

Peter  Koch,  Peter  Koch, 

Custodian.  Auditors. 


REPORT  OF  DIRECTOR. 


In  accordance  with  the  resolution  of  the  Station  staff  passed 
one  year  ago,  this  Tenth  Annual  Report,  while  giving  the  financial 
statement  to  June  30th,  will  include  a  report  of  the  work  of  the 
station  up  to  November  30th,  1903. 

In  addition  to  the  financial  statement  it  is  desired  to  place  on 
'  record  a  statement  of  the  changes,  additions  and  improvements 
made  during  the  year  together  with  a  summar3''  of  the  work  com- 
pleted or  in  progress  up  to  date. 

It  is  a  pleasure  to  record  that  the  year  has  added  considerable 
to  the  equipment  of  the  Station.  The  State  Legislature  of  1903 
appropriated  $5,500  for  a  new  building  and  equipment  for  a  cen- 
tral heating  plant  for  the  Station  and  agricultural  buildings, 
$3,000  was  also  appropriated  for  a  seed  house  and  granary. 
Both  of  these  buildings  are  finished  and  in  use;  $13,000  was  ap- 
propriated for  a  cattle  and  dair3'  barn  and  the  contract  has  been 
let  for  this  building.  In  addition  to  this  the  fund  for  Station 
maintenance  was  increased  to  $5,000.  Besides  enabling  us  to 
continue  the  irrigation  investigations  over  the  state  this  increased 
appropriation  has  permitted  us  to  remove  several  old  buildings 
and  sheds,  thus  clearing  the  sites  for  the  new  buildings  and  giving 
us  material  for  buildings  needed  in  other  places.  The  roofs  of 
several  shed  were  used  in  fitting  up  an  excellent  implement  shed  25 
feet  wide  bj'  150  feet  long.  The  old  log  granary  has  been  moved 
and  will  form  the  center  of  a  new  hog  pen. 
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Several  hunderd  rods  of  fencing  have  also  been  built  largely 
from  old  material  on  the  place  and  several  htindred  rods  of  earth 
roads  on  the  farm  and  around  it  have  been  graded. 

In  co-operation  with  the  College,  the  Dairy  building  has  been 
quite  thoroughly  equipped  with  butter-making,  cheese-making  and 
milk  testing  apparatus.  Improved  facilities  for  caring  for  the 
product  and  for  handling  it  were  also  provided.  Material 
equipment  has  also  been  added  to  other  departments  of  the 
Station. 

The  work  of  the  various  departments  has  progressed  satisfac- 
torily during  the  year  and  the  report  of  such  of  this  work  as  is 
ready  for  publication  is  given  as  part  of  this  report.  The  results 
of  several  investigations  made  during  the  year  have  been  pub- 
lished or  are  now  being  prepared  and  will  be  published  in  bulletin 
form. 

In  the  agricultural  department  for  the  past  year  considerable 
work  has  been  done  preliminary  to  an  increase  in  the  number  of 
livestock  to  be  kept  on  the  farm,  and  to  the  increase  in  livestock 
experiments,  particularly  with  breeding  stock,  with  dairy  cows 
and  with  dairy  manufacturing.  With  the  completion  of  the  plans 
outlined  for  this  coming  year,  the  department  will  be  able  to  enter 
vigorously  upon  the  new  lines  of  work.  During  the  year  the 
Poultry  department  has  been  transferred  to  the  agricultural  de- 
partment as  it  is  logically  a  branch  of  the  animal  industry  work. 

A  rather  unexpected  duty  fell  to  the  lot  of  the  agricultural 
department  when  the  College  was  asked  to  collect,  prepare,  and 
install  the  agricultural  exhibit  from  Montana  at  the  St.  Louis 
World's  Fair.  It  has  added  considerable  to  the  work  of  this  de- 
partment for  this  year. 

The  increase  in  the  appropriation  from  the  State  has  enabled 
us  to  continue  the  co-operative  work  with  the  Irrigation  division 
of  the  Department  of  Agriculture  at  Washington ;  the  depart- 
ment's proposal  being  to  duplicate  the  amount  we  are  putting 
into  this  work.  The  irrigation  department  has  also  been  continu- 
ing its  observations  on  irrigation  conditions  over  the  state. 

The  extra  fund,  with  help  from  the  agricultural  department  at 
Washington,  has  also  enabled  us  to  make  a  beginning  in  more  ex- 
tended study  of  •the  agricultural  conditions  in  other  parts  of  the 
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state  through  the  starting  of  temporary  substations  in  Cascade 
and  Yellowstone  counties,  the  former  to  study  drv-  land  condi- 
tions,  and  the  latter  for  the  study  of  drainage  and  alkali  prob- 
lems. We  have  in  contemplation  ^-et  another  station  to  test  the 
advantage  of  fall  and  winter  irrigation. 

The  botanical  department  has  been  largely  concerned  in  the 
study  and  classification  of  the  botanical  specimens  collected  over 
the  state  for  several  years  past  and  in  preparing  for  publication 
the  results  of  this  study,  which  will  soon  be  issued  in  bulletin 
form.      These  studies  will  form  the  basis  for  much  future  \vork. 

The  chemical  department,  has  been  bus^' preparing  for  publi- 
cation the  results  of  some  years'  work  on  sugar  beets,  pure  food 
investigations,  and  soil  and  alkali  studies.  These  results  will  ap- 
pear in  bulletin  form  in  the  near  future. 

The  entomological  department  has  been  largely  concerned  in 
the  study  of  the  grasshopper  pest  in  the  eastern  part  of  the 
state.  Work  with  the  codling  moth  and  with  bees  has  also  been 
kept  up  during  the  3'ear.  ^  The  Station  Entomologist  was  made 
State  Entomologist  by  the  last  State  Legislature  and  $300  was 
apportioned  for  his  traveling  expenses.  This  has  aided  materially 
in  extending  the  field  of  observation  of  the  department,  but  has 
also  increased  the  duties. 

The  horticultural  department  has  devoted  considerable  time  to 
renovating  the  orchard  during  the  year  Observations  have  been 
continued  on  the  fruits,  trees  and  bushes  and  on  various  annual 
vegetable  crops.  .  Plans  are  being  laid  for  extensive  work  in  the 
originating  of  varieties  of  fruits  and  vegetables  adapted  to  Mon- 
tana conditions. 


NEEDS  OF  THE  STATION. 


Considered  as  a  whole,  the  most  pressing  need  of  the  Experi- 
ment Station  is  more  room  for  office,  laboratory  and  library.  On 
two  floors  of  a  building,  45x50,  are  located  the  offices  and  labora- 
tories of  five  departments  of  the  Station  and  in  addition  the 
Station  librarv*.     In  these  same  rooms  the  officers  have  to  meet 
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their  College  classes.  To  properly  carry  on  our  work  additional 
room  is  absolutelv  essential. 

The  Station  is  also  anxious  to  extend  its  work,  particularly  in 
the  line  of  veterinary  science,  but  with  the  limited  room,  there  is 
at  present  no  place  for  the  laboratories  necessary'-  for  such  a  de- 
partment. 

Anew  building  for  the  biological  departments  of  botany,  ento- 
mology and  veterinary  science  would  relieve  the  pressure  for 
space  in  the  station  building  and  afford  the  necessarj'  room  for 
those  departments  to  properly  carry  on  their  work.  It  is  hoped 
that  such  a  building  may  be  provided  in  the  very  near  future. 

Agricultural  books,  and  scientific  books  relating  to  agriculture 
have  increased  very  rapidly  in  the  past  few  years.  To  do  the 
most  efficient  work  the  Station  oflScers  must  have  readv  access  to 
a  wide  range  of  scientific  books.  All  of  the  departments  feel  the 
need  of  much  better  library'  facilities.  More  books  are  needed 
and  also  the  means  to  properly  classify  and  index  them  for  ease 
of  reference. 

The  agricultural  department  has  been  favored  during  the  year 
in  the  erection  of  several  new  buildings  and  in  equipment  for 
work  in  other  directions.  Some  buildings  are  yet  needed,  notably 
a  sheep  bam  for  our  breeding  and  experimental  flock,  a  good  steer- 
feeding  shed  and  a  modem  pigger\'. 

The  past  winter  has  very  f  orcibh'  shown  the  need  of  good 
sheds  for  our  feeding  tests  and  particularly  for  the  storage  of  the 
hay.  With  continued  snowy  and  wet  weather  it  was  practically 
impossible  to  more  than  ^n^ess  at  the  weight  of  the  hay  fed  in  the 
experiment  with  sheep  and  steers,  as  we  had  to  feed  them  from 
the  stack.  With  present  buildings  the  stack  is  the  only  place  for 
keeping  the  hay. 

Additions  are  also  needed  to  our  poultry  buildings  to  place  this 
work  on  a  basis  where  it  can  be  most  economically  and  eflliciently 
handled. 

With  the  proposed  increase  in  livestock  another  quarter  sec- 
tion of  land  will  be  valuable  to  provide  the  necessary  feed.  A 
laboratory  and  equipment  for  the  ,work  in  soil  physics  is  also 
needed. 

To  make  our  study  of  livestock  problems  as  complete  as  pos- 
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sible  several  breeds  of  purebred  stock  should  be  kept  on  the  Sta- 
tion farm.  At  present  our  equipment  in  this  dircetion  is  very 
meager  indeed. 

In  addition  to  more  laboratorj*^  space,  the  entomological  de- 
partment needs  a  small  orchard  of  various  kinds  of  fruit  and 
other  trees,  where  the  life  histories  of  insects  pests  may  be  worked 
out  and  experments  made  in  the  control  or  destruction  of  these 
pests.  The  present  orchard  which  is  used  for  the  study  of  differ- 
ent varieties  of  fruit  trees  is  not  available  for  much  of  the  work 
of  the  entomological  department. 

For  the  horticultural  department  an  horticultural  laboratory 
and  propagating  house,  are  needed  if  the  department  is  expected 
to  do  its  best  work.  The  present  greenhouses  are  in  very  poor 
condition  and  not  at  all  suitable  for  the  work  demanded.  They 
are,  moreover,  not  in  a  proper  place,  but  it  would  be  a  useless  ex- 
pense to  move  them.  Parts  of  these  houses*  could  be  used  to  advan- 
tage in  fitting  up  an  horticultural  laboratory.  There  is  probably* 
no  line  of  work  that  tends  to  encourage  home  building  on  the 
farm  so  much  as  that  of  horticulture.  The  man  who  plants  a 
tree  is  banking  on  the  future  and  means  to  stay.  Fruit,  shade 
trees  and  flowers  ler\d  beautj'  as  well  as  comfort  to  the  home. 

Montana  possesses  manv  verv  fine  native  flowers  and  flower- 
ing  shrubs,  that  deserve  a  test  as  ornamentals  and  of  introduc- 
tion to  the  home  of  the  people. 

Enough  work  has  been  done  to  show  that  good  fruit,  fruit  of 
high  quality,  can  be  grown  in  Montana.  Much  3'et  remains  to 
be  done  to  find  the  varieties  best  suited  to  the  country  and  to  the 
various  valleys.  The  Station  is  anxious  to  take  up  this  work, 
but  must  await  the  facilities  for  doing  it. 


PUBLICATIONS. 


The  following  bulletins  were  published  during  the  year : 
Bulletin  No.  43.— The  Dutv  of  Water  in  Montana.     This  bul- 
letin  is  a  study  of  the  actual  use  of  water  on  a  large  number  of 
farms  in  various  parts  of  the  state  and  the  results  from  that  use. 
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A  large  number  of  the  observations  are  graphically  presented. 
56  pages. 

Bulletin  No.  44. — Apple  Growing  in  Montana.  Gives  some 
general  directions  on  the  planting  and  care  of  an  apple  orchard 
together  with  a  list  of  the  varieties  that  are  recommended  for  the 
various  valleys  of  the  state.     16  pages. 

Bulletin  No.  45. — The  Loco  and  Some  Other  Poisonous  Plants 
in  Montana.  This  bulletin  reports  the  results  of  observations 
and  inquiry  in  regard  to  the  causes  of  stock  poisoning  on  the 
range  and  suggests  methods  of  management  and  treatment  to 
overcome  or  to  reduce  the  losses  from  these  causes.     32  pages. 

Bulletin  No.  46. — Two  Insect  Pests.  This  reports  a  study  of 
the  lives  and  habits  of  two  insect  pests  that  attack  rose  bushes 
and  poplar  trees  and  recommends  methods  for  their  control.  14 
pages. 

Bulletin  No.  47. — Sheep  Feeding.  Reports  the  results  of  the 
sheep  feeding  experiments  on  the  Station  farm  during  the  winter 
of  1902-3.     32  pages. 

Bulletin  No.  48. — Steer  Feeding.  Records  the  results  of  the 
steer  feeding  experiments  with  a  car  of  steers  during  the  winter 
of  1902-3.     16  pages. 

Bulletin  No.  49. — Contagious  Abortion  in  Montana.  Records 
the  results  of  some  inquiries  made  as  to  the  prevalence  of  this 
disease  among  cattle  in  the  state  and  outlines  methods  for  its  con- 
trol.     12  pages. 

Bulletin  No.  50. — Poultry'  Management  and  Poultry  Diseases. 
Gives  some  rules  for  the  proper  care  and  feeding  of  poultry  and 
the  treatment  of  some  diseases  most  troublesome  to  the  Mon- 
tana farmers.     20  pages. 

Bulletin  No.  51 — First  Annual  Report  of  State  Entomologist. 
Deals  w^ith  various  insect  pests  and  gives  remedies  for  the  control 
of  the  same.  It  gives  particular  attention  to  the  grasshoppers 
and  fruit  pests  and  contains  also  a  short  paper  on  the  toad  as  a 
destroyer  of  insects.     76  pages. 

Tenth  Annual  Report. 
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FARMERS'  INSTITUTES. 


During  the  past  year  the  Director  has  continued  to  act  as  a 
director  of  the  Farmers'  Institute  Board  and  also  as  Secretary  of 
the  Board.  This  work  has  taken  considerable  time,  particularly 
as  the  work  is  in  somewhat  of  a  formative  stage.  Once  thor- 
oughly organized  much  less  time  will  be  required.  There  has  also 
been  considerable  demand  on  the  time  of  the  Station  staff  for  this 
w^ork.  When  more  thorough^  S3\stematized,  how^ever,  it  is  be- 
lieved that  this  work  will  prove  more  helpful  than  detrimental  to 
the  Station  workers.  The  opportunity'  to  get  acquainted  with 
the  people  of  various  parts  of  the  state  and  to  study  at  first  hand 
the  problems  that  confront  the  farmer  will  help  to  keep  our  work 
in  close  touch  with  the  agricultural  needs  of  the  state. 


STATION  STAFF. 


On  the  first  of  Juh'.  1903,  Director  Fortier  obtained  leave  of 
absence  for  one  year  to  take  charge  of  irrigation  work  for  the  U. 
S.  Department  of  Agriculture  in  California.  The  writer  was  ap- 
pointed vice-director  and  to  me  fell  the  work  of  the  Director's 
office.  Later  in  the  season  Dr.  F.  W.  Traphagen  who  had  been 
chemist  of  the  Station  since  its  organization  in  1893,  resigned  to 
accept  a  more  lucrative  position  in  the  Colorado  School  of  Mines, 
Golden,  Colo.  Because  of  his  long  association  with  the  work 
and  his  thorough  acquaintance  with  conditions  over  the  state,  Dr. 
Traphagen*s  departure  was  a  serious  loss  to  the  Station. 

Prof.  V.  K.  Chesnut,  who  for  some  years  has  been  connected 
with  the  Bureau  of  Plant  Industrj-  of  the  Department  of  Agricul- 
ture at  Washington,  D.  C,  in  investigations  of  poisonous  plants, 
has  been  elected  to  the  position  of  chemist  left  vacant  by  Dr. 
Traphagen 's  resignation.  Dr.  Chesnut  brings  to  his  work  ripe 
experience  in  agricultural  experimentation. 

An  addition  to  the  Station  staff  has  been  the  election  of  Mr. 
W.  J.  Elliott,  of  Minnesota,  to  the  position  of  assistant  in  dairy- 
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ing.  Mr.  Elliott  is  a  graduate  of  the  Ontario  Agricultural  Col- 
lege and  spent  some  j^ears  in  practical  creamery  work  in  Ontario 
and  in  Minnesota. 

Mr.  H.  C.  Gardiner,  student  in  charge  of  the  poultry,  resigned 
his  charge  at  the  end  of  the  3'ear,  and  the  work  was  turned  over  to 
the  agricultural  department. 


CORRBSPONDENCE. 


The  Station  correspondence  has  shown  no  diminution  during 
the  year.  This  correspondence  is  a  severe  tax  upon  the  time  of 
the  staff  as  man^-  of  the  letters  require  extended  answers  and 
some  considerable  research,  3'et  it  is  cheerfully  undertaken  as  it 
shows  an  increasing  interest  in  the  work  of  the  Station  over  the 
state  as  well  as  faith  in  the  results  obtained. 
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LIST  OF  STATION  PUBLICATIONS. 


1.  Organization — Announcements. 

2.  Smuts  of  Wheat,  Oats  and  Barley. 
8.  Pig  Feeding. 

4.  Glanders. 

*  5.  First  Annual  Report,  Orop  Statistics  of  Gallatin  County. 

*  6.  Measurement  of  Water. 

*  7.  Small  Grains  and  Potatoes. 

*  8.  Second    Annual   Report — Orop   Statistics   of   Gallatin   County — 

Parasitic  Ictero — Haematuria  of  Sheep. 

*  9.  Potatoes. 

•10.  Small  Grains,  Wheat,  Oats,  Barley. 

•11.  Devices  for  Obtaining  a  Constant  Flow  in  Laterals  with  Variable 
Heads  in  the  Main  Canals  or  Reservoirs. 

12.  Third  Annual  Report,  Spaying  of  Mares. 

18.  Drinking  Water. 

14.  Montana  Swine  Feeding. 

15.  Larkspur  Poisoning  of  Sheep. 

16.  Fourth  Annual  Report. 

17.  An  Army  Cut  Worm — The  Grain  Aphis. 

18.  The  Alkali  Soils  of  Montana. 
•19.  The  Sugar  Beet  in  Montana. 

20.  Fifth  Annual  Report. 

•21.  Sheep  Feeding. 

•22.  Thirteen  Botanical  Subjects. 

•28.  Injurious  Fruit  Lisects;  Insecticides;  Insecticide  Apparatus. 

24.  Sixth  Annual  Report. 

25.  Palis  Green,  and  London  Purple. 
•26.  Poultry  Raising. 

•27.  Live  Stock  Feeding  Tests,  Beef  Cattle,  Lambs  and  Swine. 

•28.  Seventh  Annual  Report. 

•29.  Qnannity  of  Water  Used  in  Irrigation. 

80.  Weeds  of  Montanta. 


Hhit  of  Print. 
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81.  Aeport  of  Grazing  and  Feeding  Teste,  Beef  Cattle  and  Lambs. 

82.  Eighth  Annual  Report. 
88.  Sngai  Beets  in  Montana. 

84.  Farmers'  "Weirs. 

85.  Report  of  Feeding  Tests. 

86.  Forage  Conditions  in  Central  Montana. 

87.  Pork  Prodnotion  in  Montana. 

88.  Food  Adulterations. 

*89.  Sheep  Feeding  in  Montana. 

40.  Root  Crops  in  Montana. 

41.  Sugar  Beets,  (1902). 

42.  The  Codling  Moth. 
Ninth  Annual  Report. 

48.  The  Duty  of  Water. 

44.  Apple  Growing  in  Montana. 

45.  The  Looo,  and  Some  Other  Poisonous  Plants  in  Montana. 

46.  Two  Insect  Pests. 
'47.  Sheep  Feeding. 

48.  Steer  Feeding. 

49.  Con tageous  Abortion  in  Montana. 

60.  Poultry  Management  and  Poultry  Diseases. 

51.  First  Annual  Report  of  the  State  Entomologist. 
Tenth  Annual  Report. 


•Out  of  Print. 
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DONATIONS  AND  LOANS. 


MaDhattan  Maltiug  Co.,  Manhattan,  Mont. 

500  pounds  malt  spronts ;  2  samples  of  barley. 
Ohica^o  Weekly  Livestock  Report. 

1  bonnd  copy  of  Report  for  1903. 
Minnesota  Experiment  Station. 

5  samples  wheat. 
North  Dakota  Experiment  Station. 

3  samples  wheat;  3  samples  oats;  2  samples  barley  and  2  of  corn. 
Indian  Head  Experiment  Station,  N.  W.  T.,  Canada. 

4  samples  wheat;  5  samples  of  oats;  8  samples  of  barley  and  4  of  peas. 
Brandon  Experiment  Station,  N.  W.  T.,  Canada. 

8  samples  wheat ;  2  samples  oats :  2  samples  barley ;  8  of  peas  and  1  of  spelt 
Mrs.  Dr.  Waters,  Bozeman. 

Plants  and  flower  seeds. 
Miss  Davis,  Bozeman. 

Greenhouse  nlants. 
Mrs.  John  Widdecombe,  Bozeman. 

Plants. 
W.  Atlee  Burpee  <^  Co  ,  Philadelphia,  Pa. 

Flower  and  garden  seeds. 
"Wallace  Macliinery  Co.,  Champaign,  111. 

1  Wallace  Power  Sprayer. 
Greening  Bros.  Nursery  Co.,  Monroe,  Mich. 

1  * '  Auto  Spray. '  * 
S.  A.  Hazeltine,  Springfield,  Mo. 

1  Universal  Dust  Sprayer. 
F.  E.  Myers  &  Bro.,  Ashland,  Ohio. 

1  Myers'  Hydraulic  Spray  Pump. 

1  **        Perfect  Double  Acting  Barrell  Spray  Pump 

2  ''        Hand  Pumps. 

1  set  fixtures,  Y's,  nozzles,  etc. 
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EXCHANQE  LIST. 


The  AmericaD  FaDcier,  JohnstovcD,  N.  Y. 

American  Ponltry  Advocate,  Syracnse,  N.   Y". 

American  Fertilizer,  Philadelphia,  Fa. 

Belt  Valley  Times,  Belt,  Mont. 

Batte  Inter-Monntain,  Bntte,  Mont. 

Batchers'  Advocate,  New  York. 

Beet  Sngar  Gazette,  Chicago. 

Chinook  Opinion,  Chinook,  Mont. 

Chicago  Daily  Drovers'  Jonrnal.   Chicago. 

Carbon  County  Chronicle,  Gebo,  Mont. 

Oiicago  Livestock  World,  Chicago. 

Daily  Independent,  Helena,  Mont. 

Dillon  Tribune,  Dillon,  Mont. 

Elgin  Dairy  Report,  Elgin,  111. 

Farmer  &  Breeder,  Sioux  City,  Iowa. 

Farm  Journal,  Philadelphia,  Pa. 

Featiher,  Washington,  D.  C. 

Farmer's  Guide,  Huntington,  Ind. 

Florist's  Review,  Chicago. 

Farmer's  Review,  Chicago. 

Farming  World,  Toronto,  Can. 

Farm  Poultry,  Des  Moines,  Iowa  and  Boston,  Mass 

Fruit  Grower  &  Farmer,  Missoula.  Mont. 

Farm,  Field  &  Fireside,  Monthly,  Chicago. 

Farmer's  Voice  &  National  Rural,  Chicago. 

Gleanings  in  Bt^e  Culture,  Medina,  Ohio. 

Glendive  Independent,  Glendive,  Mont. 

Great  Falls  Weekly,  Great  Falls,  Mont. 

Holsteiu-Friesian,  Brattleboro,  Vermont. 

Home  Maker,  Des  Moines,  Iowa. 

Home  &  Farm,  Louisville,  Ky. 

Irrigation  Age,  Chicago. 

Inter  Mountain  Farmer,  Salt  Lake  City,  Utah. 
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Intel  Lake,  Kalispell,  Mont. 

Independent,  Miles  Oity,  Mont. 

Jersey  Bulletin,  Indianapolis,  Ind. 

Livingston,  Post,  Livingston,  Mont. 

Modern  Farmer,  St.  Joseph,  Mo. 

Modern  Farmer,  St.  Joseph,  Mo. 

Milwaukee  Weekly  Journal,  Milwaukee,  Wis. 

Mining  &  Soientiflo  Press,  San  Francisco,  Oalif. 

The  Madisonian,  Virginia  City,  Mont. 

National  Farmer,  Winona,  Minn. 

Northwestern  Tribune,  Stevensville,  Mont. 

New  York  Herald,  New  York. 

Northwest  Poultry  Journal,  Salem,  Oregon. 

National  Stockman  &  Farmer,  Ohioaso. 

Opportunity,  St.  Paul,  Minn. 

Ohio  Farmer,  Cleveland,  Ohio. 

Our  Horticultural  Visitor,  Kimmurdy.  111. 

Oregon  Agriculturist,  Portland,  Oregon. 

Poultry  Herald,  St.  Paul,  Minn. 

Pacific  Coast  Fancier's  Monthly,  San  Jose,  Oalif. 

Poultry  Culture,  Kansas  City,  Mo. 

Park,  Cemetery  and  Landscape  Gardening. 

Rural  New  Yorker,  New  York. 

Reliable  Poultry  Journal,  Quincy,  111. 

Rocky  Mountain  Husbaudman,  White  Sulphur  Springs,  Mont. 

The  Republic,  St.  Louis,  Mo. 

Strawberry  Specialist,  Kittrell. 

Sentinel,  Boulder,  Mont. 

Successful  Farming,  Des  Moines,  Iowa. 

Semi -Weekly  Tribuue,  Salt  Lako  City,  Utah. 

Sunday  Record-Herald,  Chicago. 

Semi -Weekly  Missoulian,  Missoula,  Mont. 

Up-to-Date  Farming  &  Gardening,  Indianapolis,  Ind. 

Weekly  Chronicle,  San  Francisco,  Calif. 

Western  Chronicle. 

Western  Home  Journal,  Spokane,  Wash. 

Western  Swine  Breeder. 

Western  News,  Libby,  Mont. 

Wisconsin  Agriculturist,  Racine,  Wis. 

Wallace's  Farmer,  Des  Moines,  Iowa. 

The  World,  Vancouver,  B.  C. 

The  West  American  Scientist. 

The  West  Virginia  Farm  Review,  Charleston,  W.  V. 

Western  Fruit  Journal,  St.  Joseph,  Mo. 

The  Livestock  &  Dairy  Journal,  Fresno,  Calif. 
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THE  AGRICULTURAL  DEPARTMENT. 


F.  B.  LiNFiELD,  Agriculturist. 


For  the  past  year  the  agricultural  department  has  endeavored 
to  maintain  and  continue  the  lines  of  work  previously  started, 
viz. :  The  field  tests  with  varieties  of  grains  and  roots  and  the 
feeding  tests  with  steers  and  sheep. 

A  co-operative  test  with  the  irrigation  department  was  started 
to  determine  the  effect  of  various  amounts  of  water  on  crop 
growth.  It  is  hoped  as  time  goes  on  to  extend  this  work  and  to 
broaden  the  field  of  inquiry. 

For  the  most  of  the  year,  perhaps,  the  energy  of  the  depart- 
ment has  been  directed  towards  preparing  the  way  for  more  ex- 
tended work  in  the  animal  industry' line ;  preparing  the  way  for 
an  increase  in  the  breeding  stock  upon  the  farm  particularly'  in 
cattle,  sheep  and  dairy  cows. 

It  was  evident  earh'  in  the  \'ear  that  to  carry  out  these  plans, 
many  old  sheds  had  to  be  moved  and  new  buildings  provided. 
Plans  are  being  worked  out  which  it  is '  believed  will  add  very 
much  to  the  efficiencv  of  our  livestock  work  in  the  next  few  vears. 

A  great  deal  of  work  has  also  been  done  in  fixing  up  the  farm, 
making  roads  through  and  around  it,  removing  and  building 
fences  and  laj'ing  out  the  farm  so  that  a  systematic  rotation  could 
be  followed. 

Arrangements  had  also  to  be  made  to  increase  our  pasture 
and  hay  land  to  take  care  of  the  contemplated  increase  in  breed- 
ing stock. 
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An  attempt  has  been  made  during  the  year  to  devise  a  series  of 
record  books  that  would  give  in  a  permanent  form,  and  easy  of 
reference,  a  complete  record  of  the  work  of  the  department,  both 
for  the  past  and  for  the  future.  Considerable  yet  remains  to  be 
done  in  this  direction. 

Not  as  much  has  been  accomplished  in  some  directions  during 
the  year  as  was  hoped,  because  of  the  increase  in  the  duties  of  the 
head  of  the  department  in  other  directions.  Expert  assistance 
was  very  much  needed,  but  in  the  interim  of  the  Director's  ab- 
sence, it  was  decided  not  to  make  any  requests  in  that  direction. 
With  the  increase  in  the  livestock  work,  as  planned,  however,  the 
department  will  need  an  assistant  in  the  work  of  agronomy  for 
next  year.  During  the  year  an  assistant  has  been  added  in  the 
dairy  work  and  Mr.  W.  J.  Elliott,  the  appointee  has  rendered  very 
efficient  service. 

Mr.  H.  C.  Gardiner,  student  assistant  with  the  poultry,  sev- 
ered his  connection  with  the  Station  in  the  Spring  and  since  that 
time,  the  poultry  has  been  in  direct  charge  of  the  agricultural 
department.  As  there  had  been  no  young  stock  added  to  the  flock 
for  two  years,  no  attempt  was  made  to  do  more  than  maintain 
the  flock  for  the  past  season.  It  is  hoped  that  means  can  be 
found  to  extend  and  enlarge  the  plant  so  that  sufficient  work  will 
be  provided  to  occupy  a  man  all  the  time  under  the  direction  of  the 
Agriculturist.  Such  an  arrangement  would  result  in  greater 
econom}'  of  management  and  greater  efficiency  in  results. 

During  the  year  two  bulletins  have  been  prepared  by  the  De- 
partment, No.  47  on  Sheep  Feeding  and  No.  48  on  Steer  Feeding. 
The  results  of  these  tests  as  recorded  in  the  bulletins  created  quite 
an  interest  in  sheep  feeding  in  various  parts  of  the  state,  and  was 
a  pertinent  illustration  of  what  could  be  done  with  Montana  fod- 
ders when  fed  to  the  right  kind  of  stock.  It  is  not  necessary  to 
repeat  any  of  the  results  here  as  the  bulletins  are  yet  available. 

The  feeding  tests  with  sheep  will  be  continued  and  the  attepmt 
will  be  made  to  answer  many  of  the  practical  difficulties  that 
confront  the  feeder.  We  desire  to  find  out  the  reasons  for  the 
failures  as  well  as  for  the  successes.  It  is  only  by  so  doing  that 
the  way  to  avoid  the  losses  can  be  pointed  out. 

An  important  part  in  both  the  sheep  and  steer  feeding  test  was 
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to  determine  the  relative  value  of  the  diflferent  kinds  of  grain  as  a 
supplement  to  the  clover  hay.  This  work  will  have  to  be  repeated 
for  some  years  before  conclusive  results  can  be  obtained.  The  re- 
sults to  date  seem  to  show  that  a  mixture  of  grains  are  preferable 
to  any  one  grain  and  that  a  slight  change  of  ration  occasionally^ 
will  make  toward  larger  and  more  economic  gains. 

The  tests  of  different  varieties  of  grains  and  potatoes  have 
been  continued  as  here-to-fore  and  the  number  of  varieties  have 
been  increased  by  samples  obtained  from  other  states,  notably, 
from  the  Minnesota,  and  North  Dakota  stations  and  fron^  stations 
in  the  Canadian  northwest  and  also  from  the  Department  of  Agri- 
culture, at  Washington. 

Wheat — 52  varieties  of  wheat  were  grown  on  small  plats 
1-60  of  an  acre  in  area.  20  of  these  were  new  varieties  most  of 
which  did  very  well.  It  will  take  two  or  three  years  further  test- 
ing to  be  able  to  determine  how  many  of  these  varieties  are  worthy 
of  general  distribution.  The  yield  on  the  small  plats  ranged  from 
20  to  72  bushels  per  acre  and  averaged  42.6  bushels  per  acre. 

Oats, — There  were  30  varieties  of  oats  grown  in  the  experimen- 
tal plats.  Twelve  of  those  were  new  varieties.  The  acre  yield 
ranged  from  56  bushels  to  145  bushels  per  acre  and  averaged  103 
bushels  per  acre. 

Barley. — Thirty-three  varieties  of  barlej'  were  grown  and  of 
these  11  varieties  were  new.  The  3neld  per  acre  ranged  from  50 
bushels  to  97  bushels  per  acre  and  averaged  64.1  bushels  per  acre. 

None  of  the  varieties  are  yet  offered  for  distribution. 


THE  ROTATION  EXPERIMENT. 


Rotation  Plats. — For  six  years  up  to  the  end  of  1903  a  six-year 
rotation  experiment  had  been  maintained  on  the  farm.  The  re- 
sults of  this  test  were  given  in  the  Ninth  Annual  report.  One  acre 
was  devoted  to  each  crop  in  this  test.  The  past  season  the 
whole  six  acres  were  sown  to  one  crop,  yiZ.  :  Oats.  It  was 
noticed  earlj^  in  the  season  that  there  was  quite  a  difference  in  the 
growth  of  the  crop  on  the  different  acres  and  the  difference  was 
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maintained  until  the  harvest.  The  diflFerence  was  so  marked  it 
was  decided  to  cut  the  acre  plats  separately.  The  following 
table  gives  the  results : 


Crop  Previous  Year.  1902 

Yield  of  Oats 
1903 

Plat 

Grain 

Straw 

lbs. 

bos. 

106 
49 
86 
42 
82 
64 

t>s. 

1 

Pea5# 

3406 
1590 
2760 
1335 
2620 
1952 

3410 

2 

Wheat 

1250 

3 

Clover 

2665 

4 

Barley 

1115 

5 

Sufirar  Beets 

2400 

6 

Oats 

1448 

This  is  a  very  interesting  table  and  is  a  very  forcible  illustra- 
tion of  the  advantage  of  leguminous  crop,  or  of  cultivation  in  giv- 
ing increased  yields  of  grain.  An  acre  of  oats  when  following  a 
wheat  crop  of  the  year  before  gave  1,590  pounds  of  grain,  but 
when  following  a  crop  of  peas  yielded  3,405  pounds  over  twice  as 
much. 

Oats  following  clover  gave  2,760  pounds  per  acre  but  foUow- 
ingbarley  only  gave  1,335  pounds  per  acre,  less  than  half  the  yield. 
Oats  following  sugar  beets,  a  cultivated  crop,  yielded  2,620  pounds 
per  acre,  but  following  oats  gave  1,952  pounds  per  acre  of  grain. 

On  the  average  of  the  whole,  when  the  oats  followed  a  cereal 
crop,  (Wheat,  oats  and  barley)  the  yield  was  4,877  pounds,  but 
when  the  oats  followed  a  leguminous  crop  or  a  cultivated  crop, 
the  yield  was  8,785,  or  nearh'  twice  as  much. 

It  is  worthy  of  note  also  that  the  yield  of  straw  is  in  proportion 
to  the  grain,  in  fact  the  results  are  a  little  more  favorable  to  the 
leguminous  crops  on]^the  straw  yield  as  from  these  plats  more  than 
twice  the  weight  of  straw  was  obtained  as  from  the  other  plats. 
The  proportion  of  straw  to  grain  was  noticably  greater  after  the 

leguminous  crop  than  after  the  cereal  crop. 

Again  the  crops  after  the  peas  and  clover  gave  a  larger  yield 
than  after  the  roots.  The  leguminous  crops  are  the  best  soil 
enrichers. 

This  test  affords  a  most  striking  illustration  of  the  benefit  aris- 
ing from  the  use  of  clover,  and  one  which  all  farmers  should  study. 
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A  FERTILIZER  LI5T. 


An  interesting  supplement  to  the  results  from  this  rotation 
test  was  a  test  of  the  value  of  fertilizers.  In  the  spring  of  1903 
at  the  suggestion  of  Dr.  Traphagen,  four  plats  of  wheat,  four  of 
oats  and  four  of  barley  were  set  apart  for  this  test.  There  was 
1-60  of  an  acre  in  each  plat.  The  first  plat  of  each  kind  of  grain 
received  a  dressing  of  nitrate  of  soda  at  the  rate  of  200  pounds  per 
acre.  The  nitrate  was  dissolved  and  sprinkled  on  the  plat  to  get 
it  evenly  distributed.  The  next  plat  received  a  dressing  of  Thomas 
slag,  a  phosphatic  manure.  The  third  plat  received  a  mixture  of 
both  fertilizers  and  on  the  fourth  plat  no  fertilizer  was  applied. 
The  following  table  shows  the  results : 


Plat 


2 

3 
4 


Fertilizers 


Nitrate  of  soda 

Thomas  slag 

Thomas  slag  and  nitrate  of  soda . 
No  fertilizer 


Wheat 

Oats 

Bus. 
Per 
Acre 

Straw 
Per 
Acre 

Bus. 
Per 
Acre 

straw 

Per 

Acre 

fi)S. 

Ihs. 

84. 
75. 
83. 
fi9. 

6120 
510<) 
5820 

79.7 
75. 
82. 
75. 

8550 
7500 
9060 
8700 

Barley 


Bus. 

Per 

Acre 


74.6 
76.2 
81. 'J 
53.1 


straw 
Per 
Acre 


lbs. 


51b0 
4740 
5100 


This  table  shows  that  the  application  of  a  nitrate,  (a  nitrogen- 
ous fertilizer)  added  materially  to  the  returns  from  the  plats.  On 
the  wheat  it  increases  the  j'ield  by  14  to  15  bushels  per  acre.  With 
oats  the  increase  was  five  to  seven  bushels  per  acre  and  with  bar- 
ley 21  to  28  bushels  per  acre. 

The  applicaton  of  the  phosphatic,  Thomas  slag,  shows  a 
slight  increase  in  the  wheat  plat,  and  considerable  increase  on  the 
barley.  In  fact,  the  Thomas  slag  gave  larger  returns  than  the 
nitrate  on  the  barley.  On  the  oats  the  Thomas  slag  did  not 
show  any  particular  advantage.  A  combination  of  the  nitrate 
and  the  Thomas  slag  was  no  better  than  the  nitrate  for  the  wheat 
but  proved  superior  for  the  oats  and  barley.  The  results  of  this 
test  are  quite  interesting  as  indicating  the  needs  of  our  soils.  They 
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do  not  prove  that  it  wQuld  pay  to  buy  these  fertilizers  but  they  do 
prove  that  fertilization  is  a  benefit  to  the  crop.  All  of  those 
plats  had  a  light  dressing  of  farm  yard  manure  or  perhaps  the 
difference  would  have  been  more  marked. 

The  results  should  be  considered  in  connection  with  those 
from  the  test  above  referred  to.  The  leguminous  crops,  peas  and 
clover,  proved  better  fertilizers  than  the  nitrate  and  Thomas  slag. 
At  least  the  acre  jneld  of  grain  was  greater,  and  that,  on  plats 
where  no  farm  j^ard  manure  had  been  applied. 

Future  experience  maj'  modify  the  conclusion  but  these  tests 
w^ould  seem  to  indicate  that  in  the  proper  use  of  alfalfa,  clover 
and  peas,  the  Montana  farmer  has  a  fertilizer  that  will  in  a  large 
measure,  take  the  place  of  artificial  fertilizers,  but  he  must  use  one 
or  the  other  of  them  if  he  desires  a  maximum  crop  of  grain. 


CO-OPERATIVE  TESTS. 


Last  March,  (1903)  the  Station  sent  out  the  following  circular 
letters  to  the  press  and  to  the  farmers  of  the  state. 

BozEMAN,  Montana,  March,  1903. 

Dear  Sir  : — For  the  past  four  3'ears  the  Experiment  Station 
has  grown  from  30  to  50  varieties  of  wheat,  25  to  30  varieties  of 
barley,  25  to  40  varieties  of  oats  and  six  to  eight  varieties  of 
potatoes.  From  these  have  been  selected  15  varieties  that  are 
deemed  worthv  of  a  trial  bv  the  farmers  of  the  state.  We  there- 
fore  offer,  free  of  charge,  the  following  varieties  of  grain  and 
potatoes  as  long  as  the  supply  ma^-  last  subject  to  the  conditions 
given  below. 
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Spring  Wh^at,  4  varieties:  Oats,  2  varieties: 

Opal.  .  Swedish  Select. 

Pringle's  ChampioD.  Nameless  Beanty. 

Chili. 
Knbanka  (MacaroDi).  Barley,  8  varieties: 

New  Zealand  (2-rowed). 
Peas,.  1  variety :  White  Hulless. 

Golden  Vine.  Black  HDlless. 

Potatoes,  5  varitsties : 

Lee's  Favorite  (medinm  early). 

White  Maine  (late). 

Six  Week  Market  (early). 

Early  Ohio  (early). 

Acme  (early). 

Conditions  governing  the  test : 

(1).  Twenty  pounds  of  each  variety  of  grain  wnll  be  sent  but 
not  more  than  four  varieties  of  grain  and  two  of  potatoes  will  be 
sent  to  one  person. 

(2).  The  person  sending  for  the  grain  must  pay  the  freight 
charges. 

(3).  The  results  obtained  from  the  growth  of  the  crop  must 
be  reported  on  blanks  furnished  by  the  Experiment  Station. 
Said  blanks  to  be  returned  to  the  Experiment  Station  not  later 
than  November  1. 

Address  all  communications  to. 

F.  B.  LiNFELD,  Agriculturist, 
Montana  Experiment  Station, 

Bozeman,  Mont. 

For  several  years  the  Station  had  been  testing  varieties  of 
grain  and  we  desired  to  get  the  best  of  these  in  the  hands  of  the 
farmers. 

As  a  result  of  this  letter,  692  requests  were  received  for  seed,  a 
number  much  beyond  our  expectations. 

Seed  was  sent  as  long  as  our  supply  lasted,  but  we  could  send 
to  but  204  persons. 

With  each  lot  of  seed  w^as  sent  a  blank  upon  w^hich  to  report 
the  returns  from  the  crop.  To  this  request  for  a  report  we  re- 
ceived 93  replies,  about  46  per  cent  of  those  receiving  the  samples. 
A  large  number  of  these,  however,  w^ere  incomplete  or  very  general 
in  character. 
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Samples  of  seed  were  sent  to  21  counties,  viz. :  To  68  per- 
sons in  Cascade;  to  5  in  Meager;  to  4  in  Lewis  and  Clarke; 
to  12  in  Beaverhead ;  to  25  in  Flathead ;  to  20  in  Choteati ;  to 
9  in  Missoula ;  to  4  in  Teton ;  to  7  in  Carbon ;  to  7  in  Yellow- 
stone ;  to  10  in  Park ;  to  4  in  Sweetgrass ;  to  15  in  Fergus ;  to  2 
in  Madison ;  to  10  in  Rosebud ;  to  2  in  Ravalli ;  to  2  in  Powell ; 
and  to  1  in  Gallatin. 

Analyzing  the  results  by  the  grains  sent  out,  fairly  complete 
returns  were  received  for  one-fifth  of  the  samples  of  the  grains, 
(wheat,  oats  and  barley)  and  for  a  little  less  than  one-half  the 
potato  samples.  The  crops  were  grown  under  such  a  variety  of 
conditons  that  it  would  be  diflScult  to  draw  any  definite  conclusion. 
A  few^  general  points  are,  however,  worthj*^  of  notice. 

A  large  number  of  reports  show  that  the  samples  sent  were 
grown  without  irrigation  and  some  of  the  largest  yields,  both  of 
grain  and  potatoes,  were  grown  without  added  w^ater.  This  was 
noticeably  the  case  in  Cascade  and  Flathead  counties.  It  would 
appear  in  several  cases  but  particularly  with  potatoes  that  exces- 
sive irrigation  was  a  decided  drawback  both  to  yield  and  quality. 
Light  irrigation  and  thorough  cultivation  would  give  more  and 
better  potatoes. 

In  valleys  of  high  altitude,  and  on  the  non-irrrigated  benches, 
an  early  maturing  crop  does  best.  In  the  high  altitudes  danger  of 
frost  is  avoided  and  on  the  dry  benches  the  early  crop  matures 
before  the  land  gets  too  dry. 

When  the  early  and  later  maturing  crops  are  compared  on  the 
lower  land  the  general  experience  is  that  the  early  crop  is  the  smal- 
ler yielder.  It  would  appear  that  this  can  be  stated  as  a  very 
good  general  rule,  that  earh^  maturitj*^  is  at  the  expense,  to  a  great 
extent,  of  crop  yield  as  contrasted  with  later  maturing  varieties. 
Almost  without  exception  the  yields  and  quality  of  the  crop  was 
commented  on  as  equal  to,  or  very  much  superior  to  the  varieties 
at  present  grown  bj'  the  experimenter,  some  put  them  as  high  as 
50  to  100  per  cent  better. 

This  report  would  fully  corroborate  the  conclusions  reached  on 
the  Station  trial  grounds  as  to  the  value  of  these  new  varieties 
selected  for  distribuion. 
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It  was  evident  from  many  of  the  replies  that  much  diflSculty 
was  experienced  in  getting  the  grain  cut  and  thrashed  separately 
from  the  regular  field  crops  and  in  getting  correct  weights  of  the 
crop. 

Considerablecomplaintwas  made  about  the  freight  rate  on  the 
seeds  particularly  where  two  roads  were  concerned  in  the  haul. 
From  three  to  five  cents  per  pound  freight  certainly  seems  exces- 
sive, but  the  lots  were  less  than  100  pounds  in  many  cases.  I  do 
not  know  as  this  difiiculty  can  be  overcome.  However,  as  these 
are  new  varieties  and  give  a  start  in  a  crop  that  may  prove  very 
superior  to  those  already  grown,  the  first  cost  is  very  small  indeed 
and  much  below  what  the  grower  would  have  to  pay  for  new  var- 
ieties from  seedsmen  in  the  east,  and  that  for  varieties  that  have 
not  been  tested  under  Montana  conditions  as  the  Station  seed 
has  been. 

In  addition  to  the  small  lots  of  seed  grain  sent  out,  quite  a 
large  quantity  of  oats  and  peas  were  soldy  and  also  some  wheat, 
barley  and  potatoes.  All  seem  to  have  given  excellent  satisfac- 
tion. 
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F.  W.  Traphagen,  Chemist. 


MONTANA  COAL. 


In  reporting  the  work  of  the  current  year,  I  also  add  much  mis- 
cellaneous data  gathered  during  the  ten  j^ears  in  which  I  have  been 
Chemist  of  the  Station,  but  not  previously'  published. 

This  work  is  not  all  of  direct  agricultural  interest,  yet  even  in 
the  case  of  the  coal,  the  farmer  is  affected  to  a  greater  or  less 
extent  by  the  work,  for  with  our  limited  supply  of  timber  in  the 
eastern  portion  of  the  state  the  finding  of  a  suitable  fuel  is  very 
important  matter. 

Fortunately  the  coal  of  Montana  is  so  widely  distributed  and 
so  easily  mined,  in  most  cases,  that  the  farmer  can  easily  in  a  day 
or  two  lay  in  a  supply  of  fuel,  generalh'  a  good  quality  of  lignite 
coal,  sufficient  to  last  him  throughout  the  3'ear.  An  explanation 
of  the  terms  used  in  reporting  the  anah'sis  may  be  necessary-.  In 
the  ordinary'  anah'sis  of  coals,  called  the  proximate  analysis,  the 
coal,  after  being  ground  and  carefulh'  weighed,  is  subjected  to  a 
temperature  slightly  above  the  boiling  point  of  w^ater  until  it 
ceases  to  loose  in  weight.  This  loss  is  reported  as  moisture.  The 
coal,  carefully  protected  from  accession  of  air,  is  then  heated  to 
red  heat  for  about  six  minutes  and  the  loss  is  called  volatile  and 
combustible  matter,  and  consists  mainh-  of  the  gas  forming 
elements  of  the  coal.  The  remaining  material  is  then  heated  with 
free  access  of  air  until  everything  combustible  is  burnt  away, 
the  loss  being  called  fixed  carbon,  and  the  incombustible  material 
remaining  behind,  ash.  A  coal  is  valuable  as  the  proportions  of 
fixed  carbon  volatile  and  combustible  materials  are  high  and  the 
moisture  and  ash  are  low. 
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ANALYSIS  OF  APPLE  TWIQS. 


Several  years  ago  an  examination  of  the  twigs  of  apple  trees 
was  made  to  learn  something  concerning  the  reserve  carbohyd- 
rates contained  during  the  dormant  season.  These  twigs  were 
removed  late  in  November  after  the  winter  was  well  established 
and  when  sap  movements  had  certainly  ceased. 

The  large  amount  of  soluble  and  molt  soluble  carbohydrates 
found  are  interesting. 

It  was  planned  to  continue  this  work  and  to  broaden  the  scope 
of  the  analytical  work  in  an  endeavor  to  discover,  if  possible,  some 
relation  between  chemical  composition  and  relative  hardiness,  but 
the  work  was  necessarily  discontinued  becauge  of  pressure  of  rou- 
tine work  in  College  and  Station.  The  results  are  given  here  and 
it  is  hoped  that  someone  may  find  time  to  continue  the  investiga- 
tion. 

Analysis  of  Twigs  of  Apple  Trees.— Sample  Taken  November  i,  1899- 

Analyzed  January  5,  1900. 


Description. 


Lab. 
No. 


New  growth  "No. 

Old 

New 

Old 

New 

Old 

New 

Old 

New 

Old 

New 

Old 

New 

Old 

New 

Old 

New 

Old 


n 
ii 
ki 
ik 

(( 
(( 
tl 
1. 

ti 
kl 

ik 

n 

14 
ii 


(( 
ii 

(( 
U 
44 
44 
44 
44 
44 
44 
44 
44 
4i 
4. 
44 
44 


44-12  Apple 

44  44 

66  Anisette"\...... !.!!!!. 

44  44 

270  Thompson  No.  16" . '.  *. ! 

44  44  U  »i 

334Longfield" 

44  44 

437  Yellow  Transparent" . 

44  44  kb 

363  Duchess" '. 

44  44 

335  Wealthy"..'.'.'.*.'.,;!".!; 

44  44 

395  Transcendent" 

44  44 

278  Red  Astrachan" '. ! ! ! 

44  44  44 


1040 
1041 
1042 
1043 
1044 
1045 
1046 
1047 
1048 
1049 
1050 
1051 
1052 
1053 
1054 
1055 
1056 
1057 


Moist- 
ure 
Per 
(*ent 


6.22 
6.25 
6.67 
6.70 
6.23 
6.54 
6.56 
6.16 
6.21 
6.50 
6.41 
6.86 
5.64 
6.06 
5.62 
5.78 
5.90 
5.46 


Whver 

sol. 
figured 

to 
sucrose 


4.19 
3.18 
4.06 
3.22 
4.57 
3.60 
6.14 
4.06 
5.86 
4.06 
5.82 
3.22 
3.83 
3.26 
5.94 
4.29 
6.37 
5.22 


sol. 
figured 

to 
starch 


2.09 
3.32 
3.58 
3.32 
3.80 
4.06 


3.67 
3.14 
3.50 
3.14 
2.84 
3.23 
3.14 
2.53 
2.01 
1.14 


HOL.  i 
sol. 
figured 

to 
starcli 


12.50 
14.77 
14.32 
15.03 
15.47 
15.12 
15.03 
34.60 
15.03 
15.18 
14.77 
15.18 
15.38 
16.08 
14.68 
15.38 


.61 
.54 
.39 

.  08 

.30 
.55 


.28 
.54 
.5 
.48 
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ANALYSIS  OF  WHEAT  GROWN  UNDER  IRRIGATION. 


The  accompanying  analysis  of  wheat  were  made  for  the  pur- 
pose of  determining  the  influence  of  irrigation  upon  the  composi- 
tion  of  wheat. 

In  each  case  the  seed  of  the  first  year  (1899)  was  that  ob- 
tained from  ontside  sources,  that  is,  from'  some  other  source  than 
our  own  Station. 

The  seed  of  the  second  year  was  obtained  from  the  crop  of  the 
previous  year,  and  in  like  manner  the  seed  sown  the  third  year 
was  obtained  from  the  second  year's  crop. 

Contrary  to  the  generally  accepted  idea,  the  results  obtained 
show  that  under  conditions  of  ordinarily  careful .  irrigation  the 
protein  content  does  not  become  appreciably  reduced,  on  the  other 
hand  there  is  a  fair  basis  for  advancing  the  opposite  opinion,  that 
the  protein  content  may  be  actually  increased  under  careful  irriga- 
tion. It  appears,  moreover,  tolerably  certain  that  the  change  is 
no  greater  than  would  take  place  under  continued  cropping  on  the 
same  variety  in  the  same  locality  where  irrigation  was  not 
practiced. 

What  the  results  would  be  under  excessive  irrigation  we  are 
not  prepared  to  state. 

More  work  in  this  line  should  be  carried  on  before  final  state- 
ments are  made,  and  the  work  of  the  chemist  should  be  supplanted 
by  very  careful  measurements  of  the  actual  water  received  by 
each  crop. 
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Wheat  Analysis. 


®  g 


o 

ed 


1899 
1900 
1901 
1899 
IVKX) 
1901 
1899 
1900 
1901 
1899 
1900 
1901 
1899 
1900 
1901 
1899 
1900 
1901 
1899 
1900 
1901 
1899 
1900 
1901 
1899 
1900 
1899 
1900 
1901 
1899 
1900 
1901 
1899 
1900 
1901 


2207 
2208 
2209 
2210 
2211 
2212 
2213 
22U 
2215 
2216 
2217 
2218 
2219 
2220 
2221 
2222 
2223 
2224 
2225 
2226 
2227 
2228 
2229 
2230 
2231 
2232 
2234 
2235 
2236 
2237 
2238 
2239 
2240 
2241 
2242 


Name 


McKissick's  Fife 


(i 


({ 


(( 


li 


Glyndon  650 


No.  XB 


Glyndon  692 


It 


14 


Janket 

ii 


4( 


Glyndon  E661 

4( 
44 

675.. 

44 


Club 

44 


44 


Russian  Orig.  Seed  2955 

44  (4  44  44 


Gold  Drop. 

44  44 

k4  44 

Glyndon  E963 


■  •  •   ■ 


41 
44 
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In  reviewing  the  work  of  the  past  years,  the  importance  of 
having  more  assistance  in  the  chemical  laboratory  is  a  matter 
that  deserves  careful  consideration. 

The  field  is  almost  a  virgin  one  and  there  are  many  lines  of  in- 
vestigation that  should  be  undertaken  and  carried  out.  To  do 
this  work,  however,  would  require  a  marked  increase  in  the  chemi- 
cal staff,  the  additional  expense  would  certainly  be  justified  by  the 
more  valuable  contributions  from  the  laboratory  that  could   thus 
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be  made.  It  is  only  in  this  way  that  original  investigations  of 
marked  merit  can  be  carred  on,  for  under  previously  existing  con- 
ditions there  was  but  little  time  for  any  work  but  the  regular 
routine  analysis. 

The  following  miscellaneous  results  are  added  without  com- 
ment: 

Constituents  of  Qrains,  Flours,  Etc. 
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Barley,  6-rowed  Kal 
ispell     Malting    & 
Brewing  Co 

Barley,  2-rowed,  Kal- 
ispell  Malting  & 
Brewing  Co 

Alsike,  sheep  feeding 
experiment.  Prof. 
Shaw 

Alfalfa,  sheep  feed- 
i  n  g  experiment, 
Prof.  Shaw 

Canada  Field  Pea, 
straw  experiment. 
Prof  Shaw 

Red  Clover  experi- 
ment. Prof.  Shaw. . 

Flour  No.  1,  Thomp- 
son Bros.,   Living 
ston 

Flour  No.  2,  Thomp- 
son Bros,  Living- 
ston   

Flour  No  3,  Thomp- 
son Bros.,  Living- 
ston   
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ENTOMOLOQICAL  DEPARTMENT. 


R.  A.  CooLEY,  Eatotnologist. 


QENBRAL  STATEMENT. 

The  work  of  this  department,  outside  of  the  publication  of 
the  results  of  the  investigations  and  attendance  upon  public  meet- 
ings such  as  Farmers'  Institutes  and  Horticultural  Conventions,  is 
naturally  divided  into  two  parts,  (1)  the  routine  work  of  the  office 
and  (2)  the  general  and  special  investigations  in  varibus  parts  of 
the  state. 

Because  of  the  gradually  widening  scope  of  our  work  and  be- 
cause of  the  increasing  demands  on  the  office  from  citizens  of  the 
state,  the  routine  work  is  increasing  every  year.  This  work 
while  it  produces  little  external  appearance,  is  of  great  importance. 
It  includes  the  equiping  and  maintaining  of  the  laboratory  and 
library ;  the  study  of  life  histories  of  insects  that  are  sent  in  or 
that  are  found  doing  injury  in  the  state ;  the  identification  of 
specimens ;  library  research ;  pinning  and  mounting  of  specimens ; 
working  over  collections ;  correspondence;  and  the  general  exec- 
utive work  of  keeping  the  records  and  accounts  of  the  department. 

The  general  and  special  investigation  work  in  the  various  parts 
of  the  state  comprises  that  part  of  the  department's  activities 
that  extends  its  usefulness  and  links  the  theoretical  and  practical 
sides  of  entomology.  This  division  includes  the  general  survey  of 
the  various  branches  of  agriculture  from  an  entomoloigcal  stand- 
point and  the  special  study  of  particular  problems.  Among  these 
problems  are  the  control  of  the  various  pests  of  the  farm,  orchard, 
garden,  lawn  and  household ;  tests  of  insecticides,  etc. 
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This  department  has  attempted  to  promote  all  sides  of  its 
work,  indeed  has  been  required  to  do  something  in  all  the  various 
lines,  but  in  no  line  has  it  been  able  to  produce  the  results  desired. 
The  head  of  the  department  has  been  without  regular  assistance 
and  has  been  much  interrupted  by  the  Farmers'  Institute  and  other 
public  work. 

It  is  earnestly  hoped  that  our  state  legislators  may  be  moved 
to  afford  us  a  more  generous  financial  support,  thereby  enabling 
us  to  conduct  our  work  with  greater  system  and  effectiveness. 

The  eighth  (last)  legislative  assembly  passed  an  act  whereby 
the  Entomologist  of  the  Station  is  appointed  State  Entomologist. 
The  act  also  appropriates  $300  to  pay  his  traveling  expenses,  and 
requires  that  "whenever  it  shall  become  known  to  the  State  Ento- 
mologist that  an  outbreak  of  an  insect  has  occurred  in  any  part  of 
the  state  he  shall  go  to  the  scene  of  the  outbreak,  deterimne  its  ex- 
tent and  seriousness  and  publish  or  make  public  demonstration  of 
the  best  means  to  be  employed  in  destroying  the  insects.*' 

It  is  believed  that  this  act  will  have  the  effect  of  greatly  in- 
creasing the  usefulness  of  the  'entomological  department  of  the 
Experiment  Station. 

During  the  past  year  we  have  followed  in  general  the  work 
outlined  in  my  last  annual  report.  Particular  attention  has  been 
given  to  grasshoppers,  to  fruit  insects  and  to  the  enlarging  of  our 
insect  collections. 

During  the  coming  year  it  is  our  intention  to  continue  with 
our  investigations  of  grasshoppers,  trying  to  learn  the  cause  for 
their  gradual  or  sudden  disapp'earance  which  we  confidently  expect 
will  occur.  Such  information  will  be  a  valuable  acquisition  to 
the  notes  of  this  department  for  it  is  not  unlikely  that  in  future 
years  we  may  have  a  recurrence  of  the  grasshopper  invasion.  We 
shall  also  continue  to  study  the  insects  injuriously  affecting  fruits. 
Some  special  studies  will  be  made  on  the  codling  moth,  the  bud 
moth  and  the  strawberry  root  weevil. 

We  purpose  also  to  attempt  to  exterminate  an  isolated  colony 
of  the  codling  moth  in  an  orchard  at  the  head  of  Flathead  Lake, 
by  picking  off  the  fruit,  taking  care  to  do  so  at  just  the  right  time. 
In  order  to  determine  the  right  time  we  shall  make  a  close  study  of 
the  habits  of  the  moth. 
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During  the  coming  year  the  department  will  also  devote  a  con- 
siderable part  of  its  energies  to  the  collecting  of  insects  in  all  parts 
of  the  state.  In  order  to  put  our  work  on  the  surest  and  most 
economical  basis  we  feel  that  we  must  give  particular  attention  to 
the  making  and  arranging  of  collections. 

Arrangement  has  already  been  made  for  the  setting  aside  of  a 
piece  of  ground  close  at  hand  to  the  site  selected  for  the  proposed 
biology  building.  We  intend  to  plant  a  few  fruit  trees,  cur- 
rant bushes,  strawberry  plants  and  other  fruits  as  well  as  some  of 
the  more  important  shrubs  and  shade  trees,  all  of  which  will  be 
for  experimental  purposes  connected  with  entomological  investi- 
gations. 

APHIDIDS,  OR  PLANT  LICE. 

Plant  lice  are  small  soft  bodied  insects  which  occur  commonly 
on  foliage  or  tender  bark  of  plant.  Their  food  is  the  sap  which 
they  extract  through  a  beak  attached  to  the  under  side  of  the 
head.  They  are  of  great  interest  both  from  an  economic  and 
from  a  scientific  standpoint.  In  the  classification  of  the  insect 
world  they  are  placed  in  the  order  Hemipteray  or  true  bugs,  and  to 
that  subdivision  of  the  order  known  as  Homoptera  because  of  the 
fact  that  their  wings  are  of  uniform  texture  throughout. 

A  large  number  of  plant  lice,  including  many  species  of  eco- 
nomic significance,  are  to  be  found  in  Montana.  Many  of  our 
native  shrubs  and  herbs  are  affected  by  them  and  on  our  cultivated 
plants  they  appear  to  find  congenial  surroundings. 

Their  objectionable  presence  is  familiar  to  almost  everyone. 
The  honey  dew  secreted  by  them  drops  from  the  foliage  of  shade 
trees,  smearing  the  side  walks  and  furnishing  an  attraction  for 
flies,  wasps,  ants  and  bees  which  are  an  annoyance  about  residen- 
ces. 

Some  species  are  among  the  most  injurious  and  least  easily 
controlled  insects  with  which  we  have  to  contend. 

STRUCTURE  OF  PLANT  LICE. 

The  body  of  a  plant  louse,  in  common  with  other  insects  is 
divided  into  a  head,  a  thorax  and  an  abdomen,  which  parts  are 
easily  distinguished  in  some  insects,  while  in  others  they  are  so  in- 
distinctly separated  as  to  make  the  body  appear  to  be  made  up  of 
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one  continuous  piece.  In  plant  lice,  particularly  in  the  early  stages, 
the  body  seems  to  be  not  plainly  divided.  In  general  form  it  is  oval 
or  pear  shaped. 

The  Mead. — The  head  of  plant  lice  is  the  front  portion  of  the 
body  and  is  small  compared  to  the  other  parts.  The  more 
noticeable  appendages  of  the  head  are  the  eyes,  antennae  and 
beak.  The  eyes  are  always  present  except  in  a  few  root  inhabit- 
ing species.  They  are  compound,  hemispherical  and  are  situated 
in  the  sides  of  the  head.  The  winged  forms  also  have  three 
ocelli  or  simple  eyes  arranged  in  a  triangle. 

The  antennae  are  thread  shaped,  jointed  appendages  attached 
in  front  of  the  eyes,  and  are  much  used  in  classification  on  account 
of  the  excellent  distinguishing  characters  they  bear.  The  number 
of  segments  varies  from  three  to  seven.  In  many  plant  lice 
certain  joints  are  provided  with  sense  pores  often  called  sensoria. 
It  is  held  by  entomologists  that  these  sense  pits  are  connected  with 
the  sense  of  smell  or  hearing  or  both.  When  the  beak  is  not  in 
use  it  is  drawn  up  against  the  body  and  lies  extended  between 
the  legs.  It  is  made  up  of  three  fleshy  joints  or  segments  which 
are  channelled  oli  the  inner  surface  for  the  reception  of  four  very 
fine  piercers  or  setae.  These  setae  are  the  parts  that  enter  the 
tissues  of  the  plants  when  the  louse  is  feeding.  They  are  some- 
times very  much  elongated,  so  much  so  that  when  not  in  use  they 
are  drawn  back  into  a  special  tubular  receptacle  which  extends 
into  the  abdomen. 

The  Thorax.-r-The  second  of  the  three  grand  divisions  of  the 
body  is  the  thoarx.  To  it  are  attached  the  two  pairs  of  wings, 
(when  present)  and  the  three  pairs  of  legs. 

The  wings  are  four  in  number,  the  front  pair  being  larger  than 
the  hind.  They  are  very  thin  and  delicate  and  are  usually  almost 
transparent,  but  are  sometimes  clouded  in  spots.  The  veins  are 
few  in  number  but  are  of  great  service  in  the  separation  into  sub- 
families. When  at  rest  the  wings  are  usually  held  roof-like  over 
the  back  but  in  some  cases  they  lie  horizontally  upon  the  abdomen. 
The  legs  are  six  in  number.  Each  leg  is  divided  into  a  number  of 
parts  which  have  received  names.  The  first  joint,  the  coxa, 
unites  the  leg  to  the  thorax.  Then  follow  two  long  segments, 
the  femur  and  tibia  which  make  up  the  greater  proportion  of  the 
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leg,  and  the  tibia  to  which  is  attached  the  two  jointed  tarsus. 
The  last  joint  of  the  tarsus  is  furnished  with  two  hooked  claws. 

The  Abdomen. — The  series  of  primary  segments  following  the 
thorax  is  called  the  abdomen.  Extending  down  each  side  of  the 
abdomen  may  often  be  seen  a  ridge  or  fold  of  flesh  giving  the  side 
of  the  abdomen  a  definite  margin. 

The  sixth  abdomenal  segment  has  on  the  dorsal  side  a  pair  of 
openings  which  are  usually  raised  more  or  less  above  the  surface 
on  prominences  or  at  the  end  of  tubes  which  project  upward  and 
backward  from  the  body.  These  are  called  honey  tubes.  It  is 
not  clearly  understood  of  what  use  these  are  to  the  plant  lice. 
They  appear  to  be  the  external  opening  of  secreting  organs  for 
they  give  off  a  sweet  liquid  that  is  sought  and  eaten  by  ants. 

At  the  posterior  extremity  of  the  body  is  usually  a  process 
known  as  the  style.  The  size,  form  etc,  of  the  style  furnish  good 
characters  in  classicfiation.. 

LIFE  HISTORY. 

While  probably  no  two  species  of  plant  lice  are  precicely  alike 
in  the  life  cycle  all  have,  in  a  general  way,  the  same  life  history. 
These  lice  are  a  striking  example  of  parthenogenetic  repoduction 
or  reproduction  from  virgins.  For  the  most  part  the  young  are 
born  alive  without  first  hatching  from  an  egg.  The  egg  stage  is 
most  commonly  the  one  in  which  lice  pass  the  winter.  These  eggs 
hatch  in  the  spring,  producing  the  first  generation  known  as  the 
stem  mothers:  These  lice,  which  may  appear  early  in  the  season 
before  the  cold  spring  storms  have  all  passed,  are  at  first  very 
small  but  they  at  once  commence  to  feed  on  the  sap  of  the  host 
plant  and  soon  have  reached  full  size  and  maturity  when  the^'may 
be  wingless  or  winged.  These  stem  mothers  give  birth  to  young, 
(second  generation)  which  at  once  begin  feeding  and  when  mature, 
in  their  turn  produce  young  which  constitute  the  third  generation. 
Thus  one  generation  after  another  follow  until  the  end  of  the 
season.  In  some  species  a  part  of  the  lice  in  these  generations, 
which  are  composed  entirely  of  females,  acquire  wings  and  fly  to 
the  other  plants  of  the  same  kind  or  which  are  equally  suitable  as 
food.  In  this  way  the  supply  of  food  is  increased..  At  the  end  of 
the  season  a  generation  of  perfect  or  sexed  lice  appears  which 
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copulate  in  the  usual  way,  the  females  depositing  the  eggs  which 
are  to  survive  the  winter.  The  favorite  host  plants  of  some 
species  do  not  last  all  summer,  and  when  this  is  the  case  the  life 
history  may  be  less  simple.  The  lice  may  all  rise  and  migrate  to 
some  entirely  different  host  plant,  not  returning  to  the  first  host 
plant  until  the  fall  or  the  next  spring.  Under  such  circumstances, 
it  is  very  diflScult  to  unravel  the  life  history  of  a  species. 

I  have  for  a  number  of  years  noted  that  in  the  early  fall  after 
the  first  frosts,  the  cabbage  aphis  rises  into  the  air  in  great  num- 
bers during  the  hot  sunlit  hours  of  the  day  and  disappeais  in  the 
air.  They  doubtless  go  to  some  other  plant  or  plants  on  which 
they  deposit  their  eggs  and  on  which  they  feed  during  the  first 
part  of  the  summer.  I  have  also  repeatedly  observed  that  in 
making  their  appearance  in  a  new  field  of  cabbage,  turnips  or  of 
other  similar  plant,  they  come  first  in  small  numbers  and  that 
their  coming  is  rather  late  in  the  season,  in  Montana.  So  far  as  is 
known  to  me  nobody  has  yet  observed  what  the  alternate  food 
plant  of  this  aphis  is. 

THE  ELM  QALL-L0U5E. 

Scbizoneura  americana  Riley. 

Experience  is  teaching  us  that  in  many  parts  of  Montana  the 
elm  may  be  grown  successfully.  Great  Falls  and  Missoula  easily 
lead  the  state  in  the  number  of  these  trees  they  have,  but  the  elm 
gall-louse  has  in  some  cases  become  a  severe  pest. 

This  aphis  occurs  on  the  under  side  of  the  leaves  of  white  elm 
( Ulmus  americana)  causing  them  to  curl  and  blister.  The  blist- 
ered parts  lose  their  natural  green  color  and  turn  whitish  or 
yellowish.  Later  in  the  season  these  deformed  leaves  or  pseudo- 
galls  may  become  so  divitalized  as  to  turn  brown  and  die.  They 
often,  if  not  always,  fail  to  drop  to  the  ground  with  the  unaffect- 
.  ed  leaves  and  remain  as  unsightly  objects  on  the  trees  during  the 
w^inter.  In  cases  of  slight  infestation  only  here  and  there  a  leaf 
may  be  aflfected,  while  in  severe  cases  every  leaf  at  the  end  of  the 
branch  may  be  injured.  Within  the  curled  leaf  are,  beside  the 
colonj'^  of  living  lice,  the  cast  skins  of  the  lice  and  a  quantity  of 
sweet  liquid  secreted  by  the  insects  gathered  in  globules,  each 
globule  being  coated  over  with  the  pulverulent  secretion  from  the 
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bodies  of  the  lice.  One  may  often  find  various  other  insects  in  the 
same  leaf  folds,  some  merely  taking  advantage  of  the  retreat  and 
others  feeding  predaceonsly  on  lice  or  eating  the  sweet  liqnid. 

Altogether  they  are  a  decidedly  obnoxious  pest.  Not  only  do 
they  distinctly  injure  the  trees  but  they  disfigure  them  as  well  and 
furnish  an  attraction  for  ants,  flies  and  other  insects  which  visit 
them  for  the  sweet  liquid. 

LIFE   HISTORY. 

With  his  usual  accuracy,  Dr.  Riley  worked  out  the  life  history 
of  this  insect  and  published  it  in  the  Hayden  Bulletin,  U.  S.  GeoL 
Survey,  Vol.  5,  p.  4.  Much  of  what  follows  is  from  his  pen.  I 
have,  however,  verified  much  of  it  for  Montana  but  have  not  re- 
viewed his  work  on  the  number  of  generations.  Our  work  on  the 
life  history  in  Montana  was  conducted  at  Missoula  in  the  summer 
of  1902. 

The  eggs  are  deposited  in  the  crevices  of  the  bark  and  are 
minute  yellowish  objects.  In  this  stage  the  insect  passes  the  w^in- 
ter.  In  the  spring  of  the  year  as  the  leaf  buds  are  opening  the  lice 
hatch  from  the  eggs  and  crawl  to  the  young  tender  leaves,  nest- 
ling closely  into  the  crevices.  The  puncturing  of  the  tender 
leaves  with  the  rostral  setae  has  the  effect  of  causing  an  abonrmal 
growth  of  the  cells  thereby  producing  the  pseudo-galls.  These 
first  lice  of  the  season,  or  stem  mothers,  reach  maturity  in  about 
two  weeks  and  are  then  about  one-sixth  of  an  inch  long.  By  the 
time  the  leaves  have  reached  about  one-fourth  full  size  the  galls 
are  easily  seen  and  by  uncurling  a  leaf  one  may  find  a  stem 
mother  and  her  family  of  young  around  her. 

The  young  of  these  stem  mothers  are  much  like  the  parents, 
but  their  young,  the  third  generation,  when  they  become  mature, 
have  fully  developed  wings.  Dr.  Riley  found  that  these  -winged 
lice  produced  about  a  dozen  eggs,  or,  more  correctly,  pseudova,  for 
the  young  are  so  nearly  hatched  when  the  eggs  are  produced  that 
the  young  are  almost  bom  alive.  The  fourth  and  fifth  genera- 
tions follow  and  are  much  like  the  second.  The  sixth  generation, 
again,  has  wings  but  the  lice  are  dark  red  or  brown.  Thus  far  all 
the  individuals  have  been  females,  but  the  seventh  generation, 
produced  by  the  sixth,  is  composed  of  perfectly  sexed  individuals. 
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which  mate.  The  females  each  produce  one  impregnated  egg 
-which  is  left  in  a  crevice  of  the  bark. 

There  is  little  danger  that'  this  insect  or  its  work  will  be  con- 
fused with  any  other.  The  only  other  species  at  all  liable  to  be 
mistaken  for  it  is  one  known  as  the  Cock's  Comb  Gall-lonse.  The 
galls  of  the  latter  species  are  very  characteristic,  being  always  on 
the  tipper  side  of  the  leaves  and  as  their  name  indicates,  resemb- 
ling a  cock's  comb.  The  galls  are  elongated  hollow  excrescences 
which  open  on  the  under  side  of  the  leaves  in  elongated  slits. 

The  winged  adults  of  the  elm  gall-louse  have  the  head  and 
thorax  black  and  the  abdomen  reddish  brown.  The  honej''  tubes 
hardly  appear  above  the  surface  of  the  body.  A  white  powdery 
substance  is  always  strongly  apparent  on  the  bodies  of  the  lice 
within  the  galls. 

BOX-ELDER  PLANT  LOUSE. 

Cbaitopborus  negundinis  Thom. 

Box  elders  are  a  favorite  shade  and  ornamental  tree  in  the 
cities  of  Montana  but  they  are  often  attacked  by  the  box  elder 
plant-louse,  which  in  some  seasons  becomes  so  abundant  as  to 
threaten  their  health. 

LIFE  HISTORY. 

.  Like  many  other  aphids  the  life  history  of  this  species  is  im- 
perfectly known.  The  winter  is  passed  in  the  egg  stage,  the  eggs 
hatch  early  in  the  spring  and  by  the  time  the  first  leaves  appear 
the  first  generation  of  lice,  which  develop  into  the  stem  mothers, 
are  abroad.  They  multiply  rapidly  and  sometimes  completely 
cover  the  under  side  of  the  leaves.  We  have  known  trees  at  Hel- 
ena, Mont.,  to  be  almost  completely  deprived  of  their  foliage  be- 
cause of  the  presence  of  this  insect  upon  the  leaves,  so  devitalizing 
them  by  extracting  the  sap  as  to  cause  them  to  drop  to  the 
ground.  During  the  summer,  winged  individuals  appear  which  fly 
to  other  trees  thus  extending  the  range  of  feeding  grounds.  *  The 
eggs  are  produced  in  the  fall  of  the  year  in  the  creivces  of  the  bark 
and  between  the  buds  and  twigs. 

The  presence  of  these  insects  is  objectionable  not  alone  because 
of  the  lice  themselves,  but  because  of  the  ants  and  other  insects  at- 
tendant upon  them  for  the  sake  of  the  sweets  they  produce. 
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The  species  is  attacked  by  many  parasites  and  predaceous 
enemies.  Probably  the  most  beneficial  enemy  from  man's  stand- 
point is  the  five-spotted  lady-bug  {Hippodamia  5-signata). 

THE  WOOLLY  APHIS  OF  THE  APPLE. 

Schizoneura  lanigera  Hausm. 

In  some  parts  of  the  United  States  the  woolly  aphis  is  among 
the  more  important  pests  of  the  apple.  In  Montana,  however, 
though  to  the  writer's  knowledge  it  has  occurred  in  the  same  place 
for  about  six  years,  it  has  not  so  far  as  we  are  informed,  been  in 
the  least  injurious.  However,  it  may  at  anytime  appear  in  injur- 
ious numbers  and  the  friut  grower  should  inform  himself  of  its 
appearance  and  habits  so  as  to  be  able  to  defend  himself  against  its 
inroads.  It  occurs  in  the  western  fruit  growing  sections  of  the 
state  and  the  Yellowstone  valle3^ 

DISTRIBUTION. 

There  is  considerable  doubt  as  to  whether  the  woolly  aphis  is 
of  European  or  American  origin  and  the  question  will  probably 
never  be  settled.  It  is  widely  distributed  throughout  the  world. 
Its  means  of  distribution  over  long  distances  is  on  the  roots  of 
plants  sent  as  nursery  stock. 

LIFE   Hl5>T0RV   AND  NATURE  OF  ATTACK. 

The  woolly  aphis  exists  in  two  forms,  one  above  the  ground* 
on  the  water  sprouts,  in  wounds  such  as  those  caused  by  the  re- 
moval of  branches  and  limbs  and  in  the  open  places  caused  by  the 
splitting  of  the  bark  from  sun-scald,  and  another  found  only  on 
the  roots.  The  aerial  form  appears  as  masses  of  white  floculent 
matter  which  when  broken  apart  reveal  the  dark  colored  bodies 
of  the  insects.  The  floculent  or  woolly  matter  is  simply  a  secre- 
tion from  the  bodies.  The  presence  of  this  form  of  the  insect 
sometimes  gives  a  tree  a  distinct  whitish  appearance  on  the  aflfect- 
ed  parts.  We  should  here  call  attention  to  the  fact  that  there  are 
various  other  aphids  which  attack  other  trees  beside  the  apple  and 
are  covered  by  a  similar  flocculent  growth  from  their  backs. 

The  root  form  of  the  insect  is  the  one  which  is  responsible  for 
much  of  the  greater  part  of  the  injury  caused  by  the  species.  Its 
attack  on  the  roots  induces  irregular  enlargements  known  as  galls 
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and  in  the  cracks  and  in  these  galls  the  bluish- white  flocculent 
masses  are  found. 

There  is  another  distinct  disease  of  apple  trees  in  Montana 
-which  produces  a  somewhat  similar  abnormal  growth  on  the 
roots.  This  disease  is  known  as  crown  gall.  In  Montana  the 
crown  gall  disease  appears  to  be  of  much  more  importance  than 
the  woolly  aphis  and  the  fruit  grower  should  be  able  to  distinguish 
between  the  two  troubles.  The  crown  gall  disease  primarily 
affects  the  crown  or  upper  part  of  the  root,  where  it  produces  an 
irregular  excresence  of  variable  size.  Other  galls  may  be  pro- 
duced on  the  finer  deeper  roots,  but  they  are  usually  of  a  more 
spongy  texture  and  of  more  elongated  form  than  those  produced 
by  this  insect. 

The  attacks  of  woolly  aphis  are  much  more  serious  on  nursery 
stock  and  in  newly  planted  orchards  than  on  older  trees.  A  mod- 
erately infested  tree  may  show  no  serious  affects,  but  when  the 
lice  are  very  abundant  on  the  roots  a  tree  assumes  a  sickly  appear- 
ance and  fails  to  make  the  normal  growth.  Continuation  of  such 
an  attack  results  in  the  death  of  the  tree. 

In  the  fall  of  the  year  winged  individuals,  very  dark  in  color, 
with  more  or  less  cotton  secretion  on  their  backs,  make  their  ap- 
pearance and  are  the  means  of  the  extension  of  colony  of  insects. 

THE  CURRANT  APHIS. 

Mvzus  ribis  Linn. 

This  aphis  first  becomes  noticeable  when  the  new  currant 
leaves  have  reached  nearly  full  size.  The  lice  live  on  the  under 
side  of  the  leaves  causing  them  to  become  blistered  or  curled.  The 
green  color  is  often  replaced  by  a  whitish  or  redish  tinge.  The  in- 
sects themselves  are  yellowish  green  in  color.  The  winged  indi- 
viduals have  the  head  and  thorax  shining  black  with  the  abdomen 
pale  green  or  yellowish  green  and  a  quadrate  patch  of  black 
on  the  top  of  the  abdomen. 

LIFE   HISTORY. 

The  insects  that  appear  early  in  the  season  are  without  wings 
but  later  in  the  summer  winged  individuals  occur  and  fly  to  other 
bushes.     It  is  stated  that  the  aphis  abandons  the  currant  entirely 
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in  the  summer  migrating  to  some  other  plant,  and  that  the  last 
brood  of  the  season  returns  to  the  currant,  the  females  depositing 
the  eggs  on  the  stems.  These  eggs  hatch  in  the  following  spring 
into  stem  mothers  which  cause  the  blistering  of  the  leaves. 

THE  APPLE-LEAF  APHIS. 

Aphis  pomi  DeG. 

Bulletin  51  of  this  Experiment  Station  contains  an  account  of 
this  insect  in  Montana  and  remedies  are  given.  We  therefore 
omit  a  detailed  account  of  it  from  this  report  since  Bulletin  51  is 
available  to  all  who  request  it. 

THE  CABBAGE  APHIS. 

Apbis  brassicae  Linn. 

The  cabbage  aphis  is  the  most  abundant  and  destructive  in- 
sect aflFecting  the  cabbage  in  Montana.  Cabbage,  turnip,  cauli- 
flower, rutabaga,  radish,  rape  and  various  other  plants  in  the 
same  natural  family,  (Cruciferae)  are  its  host-plants.  Its  pres- 
ence usuallv  first  becomes  noticeable  in  the  middle  to  the  latter 
part  of  the  summer  and  from  then  on  it  becomes  increasingly 
abundant  until  cold  weather  approaches.  It  attacks  the  leaves 
and  the  stems  and  when  abundant  causes  them  to  wilt  until  some- 
times they  lie  flat  on  the  ground,  and  if  the  attack  continues  event- 
ually die. 

They  first  appear  only  in  restricted  spots  in  the  field  and  grad- 
ually spread  from  these  spots  until  the  whole  field  is  involved. 

The  lice  are  about  one-twelfth  of  an  inch  in  length  and  of  a 
grayish  green  color,  the  grayish  tinge  being  due  to  a  powdery  sub- 
stance covering  the  body.  There  is  a  series  of  black  spots  on 
each  side  of  the  back,  becoming  larger  in  size  towards  the  tip  of 
the  abdomen.  The  antennae  are  green  with  black  tips  and  the 
legs  are  black.  The  winged  individuals  have  the  thorax  black 
with  the  abdomen  of  a  dirty-green  or  yellowish-green  color  with 
the  same  pulverulent  covering.  The  honey  tubes  are  short  and 
small,  not  more  than  the  length  of  the  tarsae  and  more  or  less 
dusky.     When  disturbed  the  lice  move  very  slowly  if  at  all. 

DISTRIBUTION. 

The  cabbage  aphis  is  a  native  of  Europe,  but  has  been  known 
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in  this  country  for  many  years,  having  been  recorded  by  Dr.  Fitch 
in  the  year  1791.'  It  is  now  widely  distributed  in  the  United 
States  and  Canada  extending  even  into  the  more  southern  states. 

LIFE   HISTORY. 

So  far  as  I  am  aware  the  life  history  of  this  species  has  never 
been  worked  out  thoroughly.  Dr.  Smith  states  that  in  New  Jer- 
sey the  lice  appear  in  great  numbers  early  in  the  season.  Our  ex- 
perience in  this  state  however,  plainly  indicates  that  under  our  con- 
ditions the  lice  do  not  appear  in  force  until  rather  late  in  the 
season.  I  have  watched  for  the  first  appearance  of  the  lice  for  a 
number  of  years  and  have  noticed  that  the  first  arrivals  come 
singly  and  settle  on  the  under  side  of  the  leaves.  A  few  days  later 
a  colonj"  of  young  may  be  found  around  these  lice  and  from  then 
on  they  increase  in  number  rapidly  and  as  winged  individuals  ap- 
pear they  spread  to  other  plants  near  by.  It  is  very  noticeable  that 
only  isolated  spots  in  a  field  of  cabbages  or  turnips  become  first  af- 
fected. In  the  summer  of  1902  I  watched  with  interest 
the  inroads  of  this  pest  upon  a  field  of  turnips.  The 
isolated  patches  of  infested  plants  gradually  increased  in 
size  until  they  united,  eventually  involving  the  entire 
field.  The  same  thing  has  been  observed  less  markedly 
on  other  occasions  in  Montana.  In  early  October,  after  the  first 
frosts,  during  the  quiet  warm  hours  of  the  afternoon  the  lice 
arose  into  the  air  in  great  numbers  and  flew  away.  There  can  be 
little  doubt  that  they  were  migrating  to  a  food  plant  more  appro- 
priate for  winter  quarters.  The  w'riter  has  found  the  eggs  in 
great  abundance  at  Bozeman  on  old  cabbage  and  cauliflower 
stumps  that  were  left  in  the  field  over  winter.  From  the  many 
hundreds  of  eggs,  however,  that  were  observed,  onl3'  one  stem 
mother  was  seen  to  have  hatched.  This  single  louse  wandered 
about  on  the  lifeless  stump  and  finally  perished. 

The  few  facts  we  have  in  the  life  history  of  this  species  seem 
to  indicate  that  in  Montana  there  is  an  intermediate  host  plant  on 
w^hich  the  lice  spend  the  winter  in  the  egg  state  and  feed  during  the 
early  summer  and  from  which  they  later  migrate  to  cabbage  and 
similar  plants. 
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THE  WHEAT-PLANT  LOUSE. 

Nectarophora  granaria  Kirby. 

The  wheat  or  grain  aphis  is  well  known  to  growers  of  cereals 
in  Montana.  It  often  pccurs  in  great  numbers  and  at  harvest 
time  sometimes  interferes  with  the  cutting  of  the  grain  by  clog- 
ging up  the  rollers  of  the  aprons. 

Growers  are  in  doubt  as  to  whether  or  not  the  presence  of  the 
insect  is  a  serious  injury  to  the  grain  crop.  It  is  generally  held 
that  the  chief  damage  done  by  this  species  is  that  of  causing  the 
grains  to  shrink,  thus  lessening  the  value  of  the  crop. 

DISTRIBUTION. . 

Like  so  many  of  our  destructive  insects  the  grain  aphis  is  of 
European  origin.  In  the  United  States  it  occurs  generally  distrib- 
uted from  the  Atlantic  to  the  Pacific. 

LIFE   HISTORY. 

Though  various  people  have  attempted  to  work  out  the  life 
history  of  this  species  we  are  thus  far  only  partly  infonned  on  this 
subject.  The  lice  appear  on  the  young  grain  early  in  the  season, 
having  spent  the  winter  on  some  unknown  plant.  As  the  grain 
grows  they  pass  to  other  parts  of  the  plant  and  as  soon  as  the 
heads  are  formed  crawl  in  among  the  kernels  where  they^  remain 
until  the  grain  is  ripe.  As  winter  approaches  the  insects  crawl 
down  along  the  stem  and  get  under  ground  on  the  roots.  These 
root  forms  are  wingless  and  continue  their  work  under  the  snow 
whenever  weather  permits.  It  is  held  by  some  that  the  roots  are 
a  normal  wintering  place  of  the  lice  and  it  is  entirely  possible  that 
while  a  part  may  spend  the  winter  this  way  others  may  hibernate 
on  other  plants.  So  far  as  I  am  informed  no  eggs  of  this  species 
have  yet  been  found.  That  thy  occur,  however,  on  some  un- 
known plant  we  can  hardly  doubt. 

REMEDIES  FOR  PLANT  LICE. 

As  we  have  already  indicated,  plant  lice  receive  their  nourish- 
ment by  extracting  the  jucies  of  the  plant  through  a  beak  the 
setae  of  which  are  inserted  into  and  among  the  plant  cells.  They 
do  not  eat  the  surface  parts  as  do  caterpillars,  beetles  etc.   hence 
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any  amount  of  poison  on  the  surface  of  the  leaf  does  not  affect 
them.  Their  rostral  setae  pass  through  such  a  coating  of  poison 
and  extract  the  unpoisoned  sap  beneath.  Contact  insecticides,  as 
their  name  implies,  kill  by  coming  in  contact  with  the  body.  It 
follows,  then,  that  in  order  to  be  effective  a  spray  with  a  contact 
insecticide  must  be  brought  in  actual  contact  with  all  of  the  insects 
to  be  killed.  It  does  not  harm  a  plant  louse  to  walk  over  or  feed 
upon  a  leaf  that  has  previously  been  sprayed  with  a  kerosene 
emulsion,  whale-oil  soap  or  other  contact  insecticides.  When  it  is 
a  habit  of  a  species  to  feed  on  the  under  side  of  the  leaves,  it  is 
necessary  to  direct  the  spray  against  the  under  side.  When  they 
feed  on  both  surfaces,  it  is  necessary'  to  touch  both  surfaces  with 
the  spray.  By  studying  the  catalogues  of  the  various  makers  of 
spraying  appratus,  which  can  be  obtained  on  application,  one  can 
find  apparatus  suited  for  under  spraying  and  Can  select  pumps 
best  suited  to  his  needs.  It  is  to  be  regretted  that  more  pumps 
and  complete  outfits  are  not  owned  bj'-  property  holders  in  Mon- 
tana. We  are  fast  coming  to  the  time  when  every  fruit  grower 
and  owner  of  any  consideral^le  estate  will  find  it  an  absolute 
necessity  to  be  thoroughly  equipped  with  a  spraying  outfit.  Such 
oufits  can  be  obtained  through  local  hardware  dealers. 

We  may  consider  remedies  for  plant  lice  under  two  headings, 
(1)  those  applicable  to  root  forms  and  (2)  those  applicable  to 
aerial  forms. 

Having  become  aware  that  the  roots  of  an  apple  or  other  tree 
are  affected  with  plant  lice  it  is  necessary  to  bring  a  substance  in 
contact  with  their  bodies  if  we  will  destroy  them.  Hot  water  is, 
perhaps,  all  things  considered,  the  remedy  of  most  general  appli- 
cation, and  while  simple  and  inexpensive,  when  properly  used,  is 
thoroughly  effective.  Water  nearly  up  to  boiling  point  may  be 
applied  about  the  base  of  young  trees  without  danger  of  injury  to 
them.  It  is  usually  advisable  to  first  remove  the  surface  soil  in 
order  to  facilitate  reaching  them  with   the'  hot  water.      Woolly 

aphis  may  penetrate  at  least  a  foot  into  the  earth. 

Finelj'  ground  tobacco  leaves  or  tobacco  stems  may  be  used 
for  the  same  purpose.  While  this  substance  may  be  used  with  im- 
punity about  the  roots  of  plants,  it  affords  a  preventative  as  well 
as  a  remedy.  This  tobacco  dust  is  sometimes  strown  in  the  furrow 
in  which  nursery  stock  is  to  be  planted. 


52  MONTANA    EXPERIMENT    STATION. 


Bi-sulphide  of  carbon  is  sometimes  used  as  a  remedy,  but  its  use 
unless  in  the  hands  of  an  experienced  person  is  dangerous  to  the 
trees,  for  when  brought  in  contact  w^ith  the  roots  in  any  consid- 
erable quantity  it  kills  them.  By  a  careful  person  it  ma^"-  be  ap- 
plied in  three  or  four  holes  around  the  roots  of  a  tree,  not  clsoer 
than  about  one  and  a  half  or  two  feet  to  the  crown.  One  or  two 
tablespoonfuls  of  the  liquid  should  be  poured  into  each  hole.  The 
vapor  of  this  liquid  penetrates  tlie  earth  and  kills  as  manv  of  the 
lice  as  it  reaches. 

This  vapor  is  highly  inflamable  and  care  should  be  taken  in 
using  it  not  to  bring  a  lighted  match  or  cigar  or  flame  of  any  kind 
within  reach  of  the  gas.  The  substance  can  be  obtained  in  quan- 
tity at  about  10  cents  a  pound. 

Plants  known  to  be  infested  v^^th  root  lice  should  not  be  ac- 
cepted as  nursery  stock  or,  at  least,  should  be  thoroughly  treated 
by  dipping  them  into  water  of  sufficiently  high  temperature  to  kill 
the  lice. 

Among  the  contact  insecticides  may  be  mentioned  kerosene 
emulsion,  and  whale-oil  soap  solution, which,  all  things  considered, 
are  the  most  useful.  It  is  sometimes  more  convenient  to  use  the 
soap  solution  made  with  ordinary  soaps.  Formulae  for  the  pre- 
paration of  the^e  washes  are  to  be  found  in  Bulletin  51  of  this 
Station  which  may  be  obtained  by  writing  to  the  Director.  This 
bulletin  also  discusses  methods  of  fumigation  with  the 
poisonous  hydrocyanic  acid  gas  and  its  application  in  the  treat- 
ment of  apple  aphis. 

It  is  verv  often  the  case  that  onlv  here  and  there  a  limli  is 
affected  with  an  aphis  and  it  is  often  possible  to  go  through  an 
orchard  or  garden  and  dip  the  affected  parts  of  trees  in  a  pail  or 
pan  of  kerosene  emulsion.  This  method  is  much  more  simple 
than  spraying. 
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HORTICULTURAL    DEPARTMENT. 


R.  W.  Fisher,  Assistant  Horticulturist. 

The  past  year  has  seen  wonderful  advances  along  horticul- 
tural lines  throughout  the  state,  and  emphasizes  the  need  of 
further  equipment  and  facilities  in  this  department  for  carrying 
on  experimental  and  research  work. 

Fruit  growing,  especialU^  apple  production  and  the  small 
fruits,  is  considered  among  the  most  profitable  crops  that  are 
grown  on  the  farm,  and  where  vegetable  gardening  has  been  given 
thorough  and  business-like  attention,  it  also  has  proved  very  re- 
munerative. 

There  is  yet  much  to  be  done  in  originating  and  testing  new 
varieties  both  of  fruits  and  vegetables.  A  winter  apple,  superior 
to  anything  we  now  have,  would  be  a  boon  to  the  Montana 
orchardist,  and  the  determination  and  selection  of  the  best  adapt- 
ed vegetables  will  be  of  great  benefit  to  both  the  market  gardeners 
and  to  those  who  grow^  vegetables  for  their  own  use. 

Work  has  begun  along  these  lines,  and  some  facts  have  been 
determined  in  regard  to  the  varieties  of  fruits  likely  to  do  best 
and  the  kinds  of  vegetables  best  adapted  to  our  conditions.  Con- 
siderable work  has  also  been  done  with  ornamental  trees  and 
shrubs,  but  the  work  has  not  extended  over  a  period  long  enough 
to  warrant  publication,  other  than  is  to  be  found  in  other  reports 
from  this  department. 
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WEATHER  CONDITIONS. 


In  making  a  report  upon  the  growth  and  production  of  horti- 
cultural crops,  it  seems  advisable  to  give  a  summary  of  the 
weather  conditions  during  the  growing  season.  This  will  form  a 
basis  for  comparison  with  other  parts  of  the  state  not  similarly 
situated  with  reference  to  climatic  conditions. 

The  last  frost  experienced  this  season  was  during  the  night  of 
May  24,  when  the  thermometer  registered  30  degrees  F.,  or  2 
degrees  below  freezing.  On  May  18  we  had  11  degrees  of  frost, 
which  was  the  lowest  temperature  for  the  month. 

As  there  were  no  vegetable  seeds  yet  planted,  and  the  trees 
and  shrubs  not  yet  in  bloom,  the  frost  did  scarcely  an3'  damage. 
A  few  tender  leaves  were  injured  some,  but  did  not  affect  the 
subsequent  growth  to  anj'  extent.  Although  we  did  not  have  a 
frost  as  late  as  usual  in  this  locality,  yet  the  germinating  and 
growing  season  was  from  a  week  to  ten  days  later  than  in  former 
years.  This  no  doubt  was  due  to  the  average  cold  weather  of  the 
spring  months. 

The  first  fall  frost  occurred  on  September  11,  when  it  was  32 
degrees  F.,  or  freezing.  This  was  accompainied  with  a  fall  of 
snow,  which  lay  on  the  ground  for  several  days.  On  the  12th  the 
thermometer  registered  30  degrees  F.,  and  on  the  13th  27  degrees, 
being  the  lowest  for  the  month.  This  frost  did  considerable  dam- 
age to  tender  vegetables,  green  fruit,  and  many  trees  and  shrubs. 
Beans,  corn,  cucumbers,  tomatoes,  squash,  etc.,  were  totally 
destroyed,  in  cases  where  they  were  not  ripe. 

The  plum  crop  was  materially  damaged.  The  fruit  was  just 
beginning  to  ripen  when  the  frost  occurred,  and  it  spoiled  almost 
the  entire  yield  of  the  cultivated  plums.  The  wild  plums  suffered 
but  little.  The  apples  were  not  affected  to  any  appreciable  extent. 
The  terminal  shoots  and  buds  on  small  fruits,  as  raspberries, 
blackberries,  and  dewberries,  were  damaged  and  many  leaves 
blighted.  The  leaves  and  terminal  shoots  on  many  trees  and 
shrubs  were  also  frosted,  and  no  doubt  affected  the  normal  ripen- 
ing process  considerably.    Those  hurt  the  most  are : 
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Russian  mulberry. 

Western  catalpa. 

Silver  maple. 

American  elm  (young  trees). 

Box  elder. 

Poplars. 

Sugar  maples    (slightly) 

Black  walnut. 

Scotch  labernum 

Purple  lilac 

With  the  exception  of  the  poplar,  the  above-named  trees  and 
shrubs  were  small,  having  been  set  out  in  June  of  this  year. 

The  following  chart  gives  the  temperature  and  rainfall  from 
May  1st  through  September: 
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110  days  between  frosts. 


COMPARATIVE  YIELD  OF  APPLES. 
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During  the  past  two  years  a  record  has  been  kept  of  the  yield 
of  fruit  from  each  tree  in  the  orchard,  and  the  results  are  sum- 
marized in  the  following  table. 

The  test  has  not  been  in  operation  long  enongh  to  thoroughly 
determine  the  yield  of  the  different  varieties,  but  from  a  test  of 
two  years  it  will  give  some  hint  as  to  the  comparative  productfpn 
of  the  different  varieties.  All  trees  in  the  orchard  received  the 
same  treatment,  and  most  of  the  bearing  trees  are  of  the  same  age, 
the  oldest  trees  being  eight  years  in  the  orchard. 
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Variety 


5  £C 

z 


Anisette 

Charlotteuthaler. . . 

Duchess 

Gideon 

Gipsy  Girl 

Gano 

Hibernal 

Longfield 

12  M 

Okabena  

Orel 

Persian 

Royal  Table 

Am.  Golden  Russett 
Thompson's  No.  10. 

Tetofsky. 

Veronesch 
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3 

1 
3 
3 
2 
3 
4 
1 
1 
3 
2 
1 
1 
3 

Wealthy 4 

Yel.  Transparent .... 

CRABS— 

Bailey's  Crimson 
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Greenwood 

Hyslop 

Martha 

Orange  . .  . .' 

Pride  of  Minneapolis.  . 
Transcendent 
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Early  winter 
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Summer  to  early  fall 

Fall 

Late  fall  to  winter 

Summer  to  early  fall 

Fall 


DISTANCE  APART  TO  PLANT  TREES. 


The  trees  in  the  Station  orchard  were  set  17^  feet  apart  either 
way,  and  after  eight  j^ears'  growth  we  find  that  nian3'  of  them  are 
entirely  too  close  together. 

With  such  vigorous  and  spreading  varieties  as  Hibernal,  Long- 
field,  Wealthy,  and  crabs,  it  is  almost  impossible  to  cultivate  be- 
tween them  with  two  horses  without  rubbing  and  barking  the 
limbs,  and  there  is  no  doubt  but  that  their  full  development  can- 
not be  gained  when  the  limbs  are  intertwining: 
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The  old  advanced  theory  that  trees  planted  close  together 
would  protect  each  other  has  been  given  up,  and  in  cases  where 
trees  need  protection,  paper  or  some  other  substance  is  wrapped 
around  the  stem.  LdW  heading  and  good  pruning  can  be  made  to 
afford  all  the  necessary  protection  from  the  sun  after  the  trees 
have  attained  bearing  age. 

From  my  observations  throughout  the  state,  and  experience 
gained  from  the  growth  of  trees  at  the  Station,  I  would  recom- 
mend that  standard  apple  trees  be  not  planted  closer  than  20  feet 
apart,  and  with  natural  spreading  varieties  greater  distance  i& 
necessary. 

Plums  and  cherries  may  be  planted  somewhat  closer,  but  it  is 
best  alwaj'S  to  give  plenty  of  room  for  future  development. 


GARDEN  NOTES. 


Variety  tests  of  common  garden  vegetables  were  carried  on 
this  3'ear,  the  purpose  being  to  select  the  varieties  best  adapted  to 
our  conditions  and  the  cultural  methods  that  will  give  the  great- 
est satistfaction. 

About  40  varieties  of  beans,  12  of  tomatoes,  20  of  cabbage, 
2  of  cauliflower,  1  of  broccoli,  9  of  corn,  10  of  onions,  6  of  cucum- 
bers, 3  of  beets,  2  of  squash,  1  of  muskmelon,  1  of  watermelon,  3 
of  lettuce,  3  of  radish,  and  5  of  celerv  were  included  in  this  year's 
test  of  vegetables. 

BEANS. 

In  our  tests  of  varieties  of  beans,  we  have  not  yet  found  a 
variety  of  Lima  bean  that  will  mature.  The  following  table  gives 
the  comparative  yield  per  acre  of  the  different  varieties  of  string, 
or  bush  beans,  and  the  date  at  which  they  were  read3^  for  use,  as 
string  or  snap  beans.  All  varieties  were  planted  June  2d,  1903, 
and  harvested  from  September  23d  to  October  15th. 
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White  seeded  Wax 

Long  Yellow-  Six  Week** 

Improved  Black  Wax 

Dwarf  Horticultural 

Henderson's  Cream  Valentine 

Henderson's  Bountiful 

White  Marrow 

Golden  Wax 


10  Early  Mohawk 

11  W^ard well's  Kidney  W^ax 

12  Henderson's  Earliest  Red  Valentine 

13  Keeney's  Rustless  Golden  Wax 

14  Valentine  Wax 

15  Henderson's  Black  Valentine 

16  Early  Warwick 

17  Extra  Early  Refugee 

18  NewEarlyBush,Burpee's  Brittle  Wax 

19  Flageolet  Wax 

20  Golden  Eyed  Wax 

21  Large  White  Kidney 

22  Golden  Champion  Wax 

23  Davis  Wax 

24  Longfellow 

25  Everbearing,  or  Inexhaustible 

26  Jone's  Stringless  Wax 

27  Blue-podded  Butter 

28  New  Pencil-pod  Black  Wax 

29  Improved  Rust-proof  Golden  Wax. . 

30  White  Marrowfat  Bush 

31  Currie's  Rust-proof  Golden  Wax. . . 

32  Crystal  White  Wax 

as   Davis'  Dwarf  White  Wax 

34  New  Prolific  German  Wax 

35  China  Red  Eye  Bush 

36  Burpee's  Perfection 

37  Round  Yellow  Six  Weeks 

38  Dwarf  German  Black  Wax 

39  New  Giant  Stringless  Greenpod 

40  Burpee's  Stringless  Greenpod 

41  Extra  Early  Red  Valentine 

42  The  Goddard 

43  Improved  Bush  Lima 

44  Best  of  All  Bush 
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not 
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44 
t4 


6238 

5162 

2796 

2817 

2183 

2726 

2372 

1584 

3839 

1819 

2254 

1201 

1856 

1065 

550 

878 

716 

3071 

909 

1817 

2280 

mature 

6066 

2495 

946 

3355 

mature 

1888 

1344 

4033 

2084 

mature 


Color  of  seeds 


White 
Yellow 
Black 

Cream,  spotted 
Cream 
Yellow 
White 

White  and  purple 
White,  purple  eye 
Purple  and  cream 
vv  hite,  purple  eye 
'Red  striped 
'White,  drab  eye 
Red;  spotted 
Black 

Red;  spotted 
Blue;  speckled 
White,  black  eye 
Red 

White,  golden  eye 
White 


44 


44 


White 

Drab;  speckled 
Mixed  colors 
White 


Black 

White,  spotted 
White 
Dark  purple 


not 


4667 
2968 
1959 
3183 
4667 
3721 
3635 
mature 


White 

Black 

White,  red  eye 

Black-brown 

Yellow 

Black 

Light  brown 

Dark  brown 

Red  striped 


2301   Cream  and  red 


CABBAGE. 


This  year's  test  verifies  the  results  obtained  in  previous  years. 
The  best  early  variety  from  a  standpoint  of  productiveness  was 
Succession.    It  also  was  one  of  the  earliest  varieties  to  mature. 
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The  best  late  cabbages  this  year  were  Late  Stonehead  and 
Danish  Round  Head.  The  experience  gained  the  past  two  seasons 
in  growing  late  cabbage  leads  to  the  conclusion  that  plants 
should  not  be  set  out  later  than  June  15.  Unless  we  have  excep- 
tionally fine  fall  weather,  many  varieties  do  not  mature  when  set 
out  as  late  as  July  1st. 


Cabbage,  set  June  8,  Harvested  Sept.  7. 


Variety 


Succession   

Early  York 

Charleston  Wakefield. 

Early  Spring 4 

St.  John's  Day 

Early  Stonehead 

Henderson's  Summer  . 
Ey.  Jersey  Wakefield  . 

Early  Base  Ball 

Danish  Round  Head  . . 
Early  Winningstadt . . . 


Ready  for 

ase 


Aug.  1 
4 
4 
4 
1 
In 
5 
1 
10 


kl 


Aug.  10 


Average 

wt.  per 

head 


5       lbs. 

2.8    " 

4.8    " 

4.1    ^• 

4.9 

4.2 

4.7 

3.05 

2.4 

1.8 

1.7 


Yield  in 

lbs. 
per  acre 


36,300 
20,328 
34,848 
29,766 
35,574 
30,429 
34,122 
22,143 
17,424 
13,068 
12,342 


Winter  Cabbage,  set  out  July  1,  Harvested  October  a8. 


Variety 


Late  Stonehead 

Pottler's  Improved  Brunswick 

Danish  Round  Head 

Late  Flat  Dutch 

Red  Dutch  Pickling 

Mammoth  Rock  Red 

Danish  Ball  Head 

Autumn  King 

Holland 


Average 

Wt. 


6.1 

3.5 

4.9 

45 

2.5 

1.9 

2.5 

3.25 

%2 


IbF. 


kt 

k» 
4k 
14 


44,286 
25,410 
35,574 
32,670 
18,150 
J  3,794 
18,150 
23,595 
15,975 


Solid,  very  firm 

Not  all  firm 

Solid  and  firm 

About  75  per  cent  very  good 

Poor,  not  all  mature 


44 


44 


4. 


Not  mature 
Poor,  not  mature 


CAULIFLOWER. 

Two  varieties  of  this  vegetable  were  grown  this  year,  Best 
Early  and  Dry  Weather.  The  Best  Early  variety  was  ready  for 
use  about  one  week  before  Dry  Weather,  but  does  not  form  as 
large  or  firm  a  head. 
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5WEET  CORN. 

The  following  varieties  of  sweet  com  were  grown  this  year: 

Burpee's  Cosmopolitan,  Country  Gentleman,  Crosby's  Early, 
Early  White  Cob  Cory,  Burpee's  Early  Sheffield,  The  Henderson, 
Burpee's  Dread  Naught,  White  Evergreen,  and  Golden  Bantam. 
Six  of  these  varieties  did  not  make  **  roasting  ears."  Burpee's 
Cosmopolitan  matured  about  30  per  cent,  Crosby's  Early  about 
50  per  cent,  and  Early  White  Cob  Cory  matured  a  full  crop  by 
September  10,  after  which  date  all  were  killed  by  frost. 

On  account  of  its  earliness  the  Early  White  Cob  Corj"  is  by  far 
the  best  variety  tested.  The  ears  are  small,  but  of  good  quality, 
and  the  plants  are  dwarf,  enabling  them  to  be  closely  planted. 

The  com  was  planted  May  25,  in  rows  4  feet  apart,  and  the 
hills  18  inches  apart  in  the  rows,  with  about  five  stalks  to  a  hill, 
and  irrigated  up  until  August  15. 

BEETS. 

Improved  Blood  Turnip,  Dark  Stinson  and  Columbia  were 
the  only  varieties  of  beets  grown  this  year.  Improved  Blood 
Turnip  reached  merchantable  size  July  28,  -Dark  Stinson  and 
Columbia  August  6.  The  Improved  Blood  Turnip  also  gave  the 
largest  yield  per  acre  of  the  varieties  tested. 

CUCUMBERS. 

Four  varieties  —  Extra  Early  Green  Prolific,  Fordhook 
Famous,  Extra  Early  White  Spine,  and  Thorbum's  New  Ever- 
bearing— were  planted  June  3d.  Thorbum's  New  Everbearing  pro- 
duced the  first  cucumbers  of  marketable  size,  and  of  the  varieties 
tested  this  year  was  the  best  for  pickling.  Burpee's  Fordhook 
Famous  proved  a  very  good  cucumber  for  table  purposes,  although 
a  little  later  and  not  so  prolific  as  the  Everbearing  varietj-. 

CELERY. 

The  results  with  this  crop  were  about  the  same  as  in  previous 
years,  the  White  Plume  and  Self  Blanching  varieties  being  the 
best  earh",  and  are  also  much  easier  to  bleach  than  the  Giant 
Pascal,  which  has  proved  so  far  to  be  the  best  late  or  winter 
variety. 
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ONIONS. 

Variety  and  cultural  tests  were  made  with  onions.  Seeds 
were  planted  in  flats  in  the  greenhouse  on  April  20th  and  trans- 
planted into  the  open  ground  May  26th,  at  which  date  seeds  of 
the  same  varieties  were  planted  alongside  of  the  transplanted 
onions,  in  order  to  give  a  comparison  between  the  two  methods 
in  the  growth  and  ripening  of  the  bulbs. 

May  26th  was  as  early  as  seed  could  be  planted  out  here  this 
season,  unless  the  ground  had  been  prepared  the  previous  falL 
The  transplanted  onions  were  about  two  weeks  earlier  in 
maturing  than  the  seedlings — in  fact,  some  of  the  seedlings  did  not 
mature  at  all — and  produced  much  larger  and  firmer  bulbs  and  of 
a  more  uniform  size. 

On  account  of  the  small  area  planted  to  onions,  we  could  not 
make  an  exact  comparison  between  the  amount  of  labor  in- 
volved  in  the  two  methods,  but  I  do  not  think  it  takes  any  more> 
if  as  much,  labor  to  transplant  the  seedling  from  a  flat  or  hotbed 
as  it  does  to  thin  the  plants  in  the  field  Of  course  by  transplant- 
ing we  lose  the  bunch  onions,  that  are  sometimes  quite  an  item  to 
the  market  gardener,  and  often  more  than  pay  for  the  thinning. 
However,  if  one  is  growing  onions  for  the  mature  bulbs,  I  firmly 
believe  that  the  transplanting  method  has  many  advantages  over 
seeding  in  the  open  ground,  and  will  make  onions  a  sure  and  pay- 
ing crop  in  Montana. 

The  following  table  gives  the  varieties  tested,  the  average 
weight  of  the  seedling  bulbs  and  the  average  w^eight  of  the  trans- 
planted onions,  showing  an  average  difference  of  over  .2  of  a 
pound  in  favor  of  the  transplanted  onions  : 


n 
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Variety 


Adrialtic  Barletta 


16 


Australian  Brown .18 

Southport  Large  Yellow  Globe.    ...  i  .20 
Ex.  Early  Australian  Yellow  Globe  .17 

Plat  Red :    - 

Prizetaker '  16 

Large  Red  Globe 13, 

New  Mammoth  Silver  King 15 


New  Giant  Gibraltar 
Burpee's  Nameless 


13 


.34 

.47 
.34 


.28 
.41 
.36 
.30 


White,  flat,  no  neck,  does  not  keep 
long 

Thin  neck,  very  firm  and  keeps  well 

Thin  neck;  very  good 

Thick  neck;  keeps  well 
44; Good;  keeps  well 
39  Good;  keeps  well 

Fair 

Good;  firm,  good  keeper 

Did  not  keep  long  * 

Good  keeper 


Average . 


16    .87 


With  rows  18  inches  apart  and  the  onion  bulbs  4  inches  apart 
in  the  row,  we  have  about  87,120  onions  per  acre.  The  average 
weight  of  the  seedlings  in  this  year's  test,  all  varieties,  was  .16 
pounds,  or  at  the  rate  of  13,939  pounds  per  acre,  while  the  trans- 
planted onions  yielded,  figuring  on  the  same  basis,  at  the  rate  of 
32,334  pounds  per  acre,  a  gain  over  the  seedling  oi  18,395  pounds 
to  the  acre. 

SQUASH,   ETC. 

Seeds  oi  Warted  Hubbard,  Fordhook  and  Golden  Hubbard 
were  planted  on  June  3d.  The  Warted  and  Golden  Hubbard 
matured  a  few  squash,  although  the  vines  were  killed  early  in 
September. 

Watermelons  and  muskmelons  did  not  mature  anv  fruits. 


TOMATOES. 

Tomato  seeds  of  12  varieties  were  planted  in  the  greenhouse 
in  April  and  transplanted  into  the  open  June  3d.  In  order  to  get 
ripened  fruits  it  is  necessar3'to  start  the  plants  early  and  get  them 
into  the  open  ground  as  early  as  danger  of  frosts  is  past.  They 
will  mature  crops  better  when  planted  in  a  soil  that  does  not  in- 
duce too  strong  plant  growth.  From  experiments  at  the  Station 
it  has  been  determined  that  a  moderately  heavy  clay  soil  will 
produce  the  most  ripe  fruits.    By  giving  plenty  of  water  and  good 
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cultivation  early  in  the  season  the  plants  will  make  their  growth, 
and  later,  by  withholding  the  water  and  ceasing  cultivation,  it 
will  induce  the  tomatoes  to  ripen  earlier  than  they  otherwise 
would. 


Variety 


Mikado 

Quarter  Century 

Chalk's  Early  Jewel 

Dwarf  Champion 

Pondero80  '. 

Barly  Ruby 

Livingston's  Stone  . 

Burpee's  Noble 

Perfection 

Matchless 

Stone 

Giant  Tree 


Aug.  13 
Jul.  28 
.\ug.  5 
Jul.  28 
Aug.  5 
5 
13 
26 
15 
23 
23 
Sept.    1 


Nq.  lbs. 
ripe  fniit 

O  tp 

40 

if 

29.5 

16.75 

13.5 

26 

34.1 

25 

35 

41.6 

19.125 

27 

41.4 

18.62 

61 

23.3 

27 

67 

28.7 

13.51 

30 

3L 

1.43 

28 

4.9 

3.5 

47  i  6.9 

2.68 

1 

.75 

.187 

— 

50  per  cent  rough 

Smooth 

Some  rough 

Smooth 

Rough 

Mostly  smooth 

Smooth 

Smooth 

Smooth 

Smdbth 

Smooth 

Smooth 
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BOTANICAL    DEPARTMENT, 


J.  W.  Blankinship,  Botanist. 

The  work  of  the  Botanist  for  the  present  year  has  been  largely 
a  continuation  of  lines  previously  begun.  The  results  of  the 
study  of  the  principal  plants  poisonous  to  stock  in  this  state  have 
been  embodied  in  Bulletin  No.  45  (June,  1903)  of  the  station . 
"The  Loco  and  Some  Other  Poisonous  Plants  in  Montana,"  in 
which  special  investigation  was  made  of  the  loco  trouble  in  the 
central  part  of  the  state  and  methods  devised  for  its  avoidance 
during  the  periods  of  danger. 


ECONOniC  PLANTS  OF  THE  INDIANS. 


A  large  amount  of  data  relating  to  the  economic  plants  of  the 
Indians  and  early  settlers  has  been  collected  and  will  be  ready^  for 
issue  in  a  provisional  bulletin  at  an  early  date.  It  is  the  more  im- 
portant that  this  information  concerning  the  useful  properties  of 
our  native  plants  be  now  secured,  as  the  people  who  were  driven 
by  stress  to  seek  out  and  utilize  these  properties  are  rapidly  pass- 
ing from  the  stage  of  human  activity,  and  with  them  will  perish 
all  this  valuable  information,  learned  with  such  difficulty,  and  be- 
cause, with  the  increasing  complexity  of  civilized  life,  continual 
demands  will  be  made  upon  every  department  of  Nature  to  supply 
certain  wants  not  previously  provided  for.  A  good  instance  of 
this  is  the  actual  discovery  of  the  peculiar  adaptability  of  the 
native  "  blue-joint'*  grass  to  growth  and  cultivation  for  economic 
purposes,  as  mentioned  hereafter. 
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FORESTRY. 


Considerable  attention  has  been  given  to  the  forest  conditions 
of  the  state,  the  various  species  of  trees  and  shrubs  here 
native  have  been  identified,  and  their  distribution  largely 
ascertained,  as  well  as  the  uses  to  which  they  are  sever- 
ally adapted,  with  a  view  to  the  prevention  of  the  pres- 
ent wasteful  methods  of  lumbering  and  to  restricting  the 
range  of  the  many  forest  fires  which  ravage  our  mountains 
every  summer  and  leave  in  their  wake  the  bleaching  skeletons  of 
the  growth  of  many  years,  which  else  might  go  to  build  and 
warm  and  fence  many  thousands  of  homes  which  improved 
methods  of  irrigation  may  render  possible.  l£  is  only  a  question 
of  time  until  the  state  must  undertake  more  careful  supervision  of 
these  natural  resources  and  attempt  systematic  reforestation  to 
supply  an  increasing  demand  for  these  products  now  so  lavishly 
wasted. 


ALKALI    PLANTS. 


The  alkali  plants  of  the  state  are  being  brought  together  and 
studied,  with  a  view  to  the  rough  determination  of  the  relative 
amount  of  alkali  in  the  soil  by  the  plants  it  produces,  and  that 
experiments  may  be  attempted  in  growing  forage  plants  adapted 
to  such  conditions. 


BIOLOGICAL   SURVEY. 


In  connection  with  the  other  work  of  the  Botanist,  a  sys- 
tematic attempt  is  being  made  to  study  the  distribution  of  the 
native  plants  of  the  state  in  the  relation  to  soil,  climate  and  alti- 
tude, on  the  theory  that  like  conditions  of  climate  and  soil  will 
support  a  similar  native  vegetation,  and  that  through  this  flora 
the  agricultural  and  horticultural  possibilities  of  any  given  sec- 
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tion  may  be  predicted  by  the  crops  and  fruits  found  adapted  to 
another  section  with  a  similar  flora.  This  biological  survey  has 
now  been  continued  in  connection  with  the  other  work  of  the 
Station  for  some  six  years,  and  an  herbarium  of  some  20,000  speci- 
mens has  been  prepared  as  the  basis  for  determining  these  species 
and  their  distribution,  as  well  as  for  other  scientific  work  in  pure 
and  applied  botany.  The  unidentified  collections  have  now  been 
taken  to  the  Gray  Herbarium  at  Harvard  University  for  deter- 
mination. It  is  hoped,  from  the  material  now  on  hand  and  from 
the  field  work  of  the  ensuing  season,  it  may  be  possible  to  map 
out  and  characterize  most  of  these  different  biological  zones  of  the 
state  and  to  indicate  in  general  their  economic  possibilities.  In 
connection  with  this  work  of  the  survey,  a  set  of  plants  repre- 
sentative of  the  flora  of  the  state  is  being  prepared  for  exhibition 
at  the  World's  Fair  in  St.  Louis. 


FORAGE  PLANTS. 


An  effort  has  been  made  to  cultivate  at  the  Station  certain 
forage  grasses  deemed  suitable  for  growth  on  the  semi-arid  ranges 
of  the  state,  to  replace  the  native  forage  plants  exterminated  by 
close  grazing.  Several  species  of  **  blue-joint '*  {Agropyron)  have 
been  grown  for  several  years,  and  appear  to  thrive  under  natural 
conditions,  but  for  some  reason  the  attempt  to  secure  a  stand  of 
the  **buffalo-grass''  {BouteJoua  oligostachyByTorr)  was  unsuccess- 
ful, though  it  has  been  found  to  yield  readily  to  cultivation  in  some 
other  states.  A  large  supply  of  the  seed  was  secured  during  the 
summer,  and  further  attempts  will  be  made,  as  this  is  the  most 
promising  species  for  the  upland  ranges,  where  it  is  already  well 
established  in  many  parts  of  the  plains  region  eastward. 

In  regard  to  the  ** blue-joint"  (Agropyron  occidentale,  Scribn) 
it  may  not  be  generally  known  that  this  species  of  native  grass  is 
already  cultivated  extensively  over  much  of  the  irrigated  section 
of  the  Milk  River  valley  about  Harlem,  Chinook,  and  on  the  Big 
Sandy  south  of  Havre,  and  that  many  thousand  tons  of  this 
"blue-joint"  hay  are  put  up  each  season  in  these  sections  for  the 
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use  of  the  local  stockmen,  and  even  placed  upon  the  market  in  con- 
siderable quantity,  commanding  a  higher  price  than  the  best 
timothy  or  alfalfa  for  fattening  and  finishing  stock  for  the  market. 
So  that  the  experimental  stage,  at  least,  of  this  new  forage  grass 
miay  be  said  to  have  been  passed. 

In  the  low  valley  lands  this  species  will  yield  without  irriga- 
tion about  one  ton  per  acre,  and  is  indeed  the  chief  constituent  of 
most  of  the  **  wild  hay*'  cut  in  the  state  outside  of  the  mountain 
sections.  Under  irrigation  it  is  said  to  yield  from  two  to  six  tons 
per  acre,  averaging  about  three  around  Harlem,  in  the  Milk  River 
vallej. 

The  method  of  growth  around  Harlem,  where  its  culture 
has  been  most  highly  developed,  is  to  irrigate  the  meadows 
thoroughlj'  once  between  March  and  June — the  earlier  the  better — 
and  to  cut  about  the  middle  of  August ;  but  the  grass  stays  green 
all  sumnler  long,  and  may  be  cut  at  any  time  most  convenient, 
though  the  ripening  of  the  fruit  in  August  would  seem  to  render 
later  cutting  of  less  value.  Considerable  growth  is  made  after 
the  August  cutting,  and  this  is  used  for  winter  pasturage,  frost  in 
no  wise  injuring  its  value  as  a  forage. 

In  the  Milk  River  valley  about  Harlem  there  is  little  slope  to 
the  valley  lands,  so  that  the  flood  method  of  irrigation  is  em- 
ployed— the  only  locality  in  the  state,  I  believe,  where  this  is  un- 
dertaken on  an  extensive  scale.  Squares  of  from  10  to  40  acres 
are  enclosed  by  low  dykes  and  the  water  is  allowed  to  flow  over 
these  squares  till  the  ground  is  covered  several  inches  deep  and 
the  soil  becomes  thoroughly  saturated.  The  dyke  is  then  opened 
at  the  lowest  point  and  the  water  drained  off  into  another  simi- 
lar area.  This  method  of  irrigation  saves  much  work,  and  has 
the  added  advantage  of  tending  to  leech  out  from  the  soil  the 
alkali,  always  excessive  in  this  valley  under  other  methods  of 
irrigation. 

In  the  matter  of  economy  of  production  this  grass  compares 
favorably  with  timothy  and  alfalfa.  No  plowing  or  sowing  is 
necessary  at  any  time,  as'  the  grass  appears  to  spring  dp  spon- 
taneously from  underground  rootstocks  present  in  nearly  all  the 
lowlands  of  the  state;  and  it  is  stated  that  it  is  often  difficult  to 
eradicate  the  grass,  even  when  such  meadows  are  plowed  up  and 
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planted  in  grain  for  as  many  as  six  successive  years.  When  such 
lands  are  left  fallow  and  irrigated  they  shortly  produce  as  good 
hay  as  ever. 

The  blue-joint  will  stand  quite  as  much  alkali  in  the  soil  as 
alfalfa,  while  too  much  irrigation,  extreme  cold,  or  excessive 
drought  have  little  permanent  eflFeict  upon  its  growth.  The  soil  of 
this  blue-joint  region  is  a  sandv  loam,  with  some  clay,  called 
"gumbo,**  but  the  blue-joint  seems  to  grow  equally  well  on  both. 

Stockmen  everywhere  claim  superiority  for  this  blue-joint  hay 
in  finishing  stock  for  the  market,  and  some  claim  that  a  ton  of 
blue-joint  equals  in  value  about  one  and  one-sixth  tons  of  timothy, 
or  one  and  three.fourths  of  alfalfa.  This  yet  awaits  experimental 
proof,  however.  .  Blue-joint  hay  is  easy  to  handle,  and  is  said  to 
excel  in  keeping  quality. 

This  hay  has  been  grown  about  Harlem  for  forage  purposes 
some  17  years,  and  has  been  found  more  profitable  and  to  need 
less  care  than  any  other  crop.  The  species  thus  grown  is  almost 
pure  Agropyron  occidentale  Scribn,  other  grasses  with  it  being 
regarded  in  the  nature  of  weeds. 

Though  it  has  not  been  found  necessary  to  sow  the  seeds  here 
to  secure  a  stand,  experiments  at  this  Station  show  the  grass  is 
grown  readily  from  ordinary  planting,  and  seed  could  easily  be 
obtained  by  thrashing,  as  the  spikes  break  up  readily  when  dry, 
and  many  bushels  of  the  seed  are  left  as  waste  at  each  baling 
place.  A  quantity  of  the  seed  has  now  been  secured  by  this 
Station,  and  its  agricultural  value  will  be  tested  under  more  ac- 
curate conditions. 
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IRRIGATION  DEPARTMENT. 


S.  FoRTiER,  Irrigation  Engineer, 
By  J.  S.  Baker,  Agent. 


THE  RELATION  OF  SOIL  MOISTURE  TO  CROP  YIELD. 


In  the  determination  of  the  relation  of  the  amount  of  water 
to  the  crop  produced,  six  of  the  twelve  tanks  described  in  the 
Ninth  Annual  Report  were  used.  The  other  six  were  left  fallow 
for  the  determination  of  the  evaporation  from  bare  soils. 

The  tanks  were  carefully  weighed  on  May  21  and  on  May  25, 
65  kernels  of  wheat  were  planted.  After  germination  the  number 
of  sprouts  was  reduced  to  34  in  order  to  have  a  uniform  stand  on 
all  the  tanks. 

The  tanks  were  kept  at  the  normal  temperature  of  the  field 
soil,  by  applying  water  to  the  outside  through  a  metal  pipe,  thus 
reducing  the  excessive  temperature  induced  by  the  transmission  of 
heat  by  the  metal  of  the  tanks. 

The  following  figure  No.  1  shows  clearly  the  relation  of  water 
to  crop.  The  total  water  received  is  the  sum  of  the  irrigation 
water  and  the  rainfall.  The  legend  at  the  bottom  of  the  figure 
explains  the  meaning  of  the  same.  By  a  study  of  tables  Nos.  1 
and  2,  the  same  relation  may  be  found.     In  the  third  column  of 
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table  No.  1  is  given  the  depth  of  the  water  received  and  in  the 
eighth  column  of  table  No.  2  the  yields  of  the  tanks  in  bushels  per 
acre.  The  same  relation  is  also  brought  out  in  the  last  column  of 
table  No.  1  in  which  is  given  the  number  of  pounds  of  water 
required  to  produce  one  pound  of  wheat. 

Table  No.  I— Table  showing  the  depth  of  water  received  by  each  tank  and  the 
relation  of  the  quantity  of  water  to  the  crop  produced. 


Depth  of 
Irrigation 
m  ' 
Feet 

Depth  of 

Rainfall 

in 

Feet 

Total 
Depth  of 

NN  ater 
Beceived 

Pounds  of  Water  to 
Produce  One  Pound 

No.  of  Tank 

• 

Sit?e7      Of  Wheat 

1 

2 

3 

'";565" 
1.010   ' 
1.514 
2.018 
2.521 

.558 
.561 
.561 
.558 
.558 
.558 

.558 
1.066 
1.571 
2.072 
2.576 
3.079 

141 
171 
214 
244 
268 
300 

758 

1076 

793 

4 

915 

5 

6 

1012 
I0I5 

Table  No.  II— Table  showing  yields  of  tanks  and  increase  of  crop  from  seed. 


"OM 

Weights  of  Crop 

No.  of 

*Rate 

of  In- 

Yield Per  Acre 

6  es 

Straw 

Wheat 

Total 

Kern- 
els 

crease 

Seed 

tolJrop 

Cwt. 

Bus. 

Bemarks  f 

\£,r-i 

Ozs. 

Oss. 

Ozs. 

1.. 

2.. 
3.. 
4.. 
5.. 
6.. 

5.70 

9.25 

9.50 

11.00 

12.50 

12.80 

1.30 

1.75 
3.50 
4.00 
4.50 
5.36 

7.00 

11.00 
13.00 
15.00 
17.00 
18.16 

350 

745 
1200 
1750 
2900 
3090 

I  to  10 

lto22 
lto35 
lto51 
lto85 
lto91 

20.03 

26.96 
53.93 
61.63 
69.34 
82.58 

a3.8 

44.9 

89.9 

102.7 

115.5 

137.6 

Wheat  badly  shrunken,  uniform  sised 

kernels. 
Shrunken,  uniform  size. 
About  one-third  kernels  small. 
About  one-fonrth  kernels  small. 
About  one-eigrhth  kernels  small. 
Kernels  uniform  in  size. 

^Increase  is  based  upon  the  number  of  kernels  in  crop  and  the  number  of  sprouts  in  each 


tank. 


fAll  kernels  were  small. 
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EVAPORATION  FROfl  SOILS. 


On  May  21  all  the  tanks  were  weighed  and  again  on  July  11. 
Nos.  1  to  6  were  seeded  and  Nos.  7  to  12  were  left  fallow.  Ap- 
proximately the  same  quantities  of  water  were  added  to  Xos.  1 
and  7,  2  and  8,  3  and  9,  4  and  10,  5  and  11,  6  and  12,  and  they 
are  arranged  thus  in  pairs  in  the  following  tables  Nos.  3,  4  and  5.. 
Table  No.  3  gives  the  results  of  the  experiment  from  May  21  to 
July  11,  and  table  No.  4  gives  the  results  from  July  11  to  August 
8  when  the  tanks  were  last  weighed.  Table  No.  5  shows  the  results 
of  the  experiment  for  the  entire  season  from  May  21  to  August  8. 
By  consulting  the  last  table  we  may  see  that  with  one  exception — 
in  the  pair  3  and  9 — that  there  is  much  more  loss  of  moisture  from 

the  cropped  soils.  In  this  exceptional  case  there  maj'  have  been 
some  error  in  the  weighing.  The  minus  sign  in  the  last  column  of 
tables  Nos.  3,  4  and  5  indicates  that  there  was  more  moisture 
drawn  from  the  soil  than  was  received  during  the  experimental 
period,  thus  robbing  the  soil  of  moisture  which  it  contained  before 
seeding. 

Table  No.  Ill— Table  showing  evaporation  and  transpiration  from  soil  tanks 

from  May  21  to  July  11, 1903, 


c 
ce 


o 


1 
7 
2 
8 
3 
9 
4 


Weight' ^^'*;;f»"i\voiRht 


Tank- 
May  21 


5 
11 

6 
12 


rriflra- 
tion 
Water 


Knin- 
fall 


Lbs 


46i 
483 
473 
488 
467 
481 
406 


10!    440 


i77 
490 

488 

47r) 


Lbs.   I   Lbs. 


I  37.18 

,     i3<  .lO 

37 18 

37  18 

,  37.18 

!  37  18 

27  77|  37.18 

■    ul  .lo 

55. iV)-  37.18 

'  37  18 

75.06,'  37  18 
I  37.18 


'I  otal  Amount  of 
Water  Receive<l 


WciKbt  of 

Tank 

July  11 


Pounrls 


^1iP*il  ^^  .    Pounds 


Feet 


37.18 
37.18 
37.18 
3718 
37.18 
3718 
64.95 
37.18 
92.73 
37.18 
112.24 
37.18 


..337 
.337 
.,337 
.337 
.337 
337 
.588 
.  337 
.839 
.337 
.016 
.3:37 


424 
474 
442 

478 

4a3 

489 
462 
445 
4a3 
490 
492 
472 


I 


Eyaporation  and 
Transpiration  * 


Pounds 


75.18 
46.18 
68.18 
47.18 
71.18 
29.18 
()8.95 
32.18 
86.73 
37.18 
10H.24 
40.18 


Depth  in 
Feet 


.681 
.418 
.617 
.427 
.645 
.264 
.624 
291 
.785 
.337 
.980 
.364 


Difference 
Between 
ETapora- 
tion  Plus 
Transpira- 
tion and 
Irrigation 

Plus 
Rainfall 


Feet 


-0.344 
-0081 
-»«.280 
-0.090 
-  0.313 

—  0.073 
-0036 

--0046 

-0.054 
0000 

- -0.036 
-0027 
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Table  No.  IV— Evaporation  and  transpiration  from  soil  tanks.    From  July  11 

to  August  8, 1903. 


1 

Difference 

I 

• 

Between 

a 

(8 

Weight 

Tank 
July  11 

Weight 

Irriga- 
tion 
Water 

Weight 

of 
Rain- 
fall 

Total  Amount  of 
Water  Received 

Weight  of 

Tank 
August  8 

Evaporation  and 
Transpiration 

Evapora- 
tion Plus 
Transpira- 
tion and 
Irrigation 
Plus 

w 

0 

Rainfall 

'Lbs. 

Lbs. 

Lbs. 

Pounds 

Depth  in 
Feet 

Pounds 

Pounds 

Depth  in 
.Feet 

Feet 

1 

424 

2100 

21.00 

.190 

400      i 

45.00 

.407 

-  0.217 

7 

474 

21.00 

21.00 

.190 

463 

32.00 

.290 

-o.uoo 

2 

442 

27.77 

IJIOO 

48.77 

.442 

478 

12.77 

.116 

—  0.326 

8 

478 

27.77 

2100 

49.77 

.442 

494 

3277 

.297 

-- 0.145 

3 

433 

55.55 

21.r)0 

76  55 

.693 

463 

36.55 

.331 

-i- 0.362 

9 

489 

55.55 

21.00 

76.5"i 

.673 

'483 

82.55 

.747 

-0.055 

4 

462 

58.38 

21.00 

79,38 

.719 

434 

107.38 

.972 

-0.153 

10     445 

86.15 

2100 

107,15 

.719 

463 

89.15 

.807 

-  0.088 

5 

4a3 

66. .72 

21.00 

87.72 

.794 

452 

1)8.72 

1075 

-  0.281 

11     490 

122.35 

21.00 

143.35 

1.2J8 

490 

143.35 

1.298 

0.000 

6     492 

66.72 

21.00 

87  72 

.794 

460 

119.72 

1.084 

-  0.290 

12     472 

ia3.44 

2lO'J 

154  44 

1.398     1 

477 

149.44 

1.353 

-'-0.045 

Table  No.  V  -Table  showing  evaporation  and  transpiration  from  soil  tanks. 

For  the  season,  May  21  to  August  8,  lOCfe. 


1. 

7. 
2. 
8. 
3 
9. 
4 
10. 

•* 

o. 
11. 

6. 
12. 


No.  of  Tank 


I 

ilrriga-  i  ry?L 


Lrriga 

tion 

Wat«r 


Rain- 
fall 


I 


27  77 

27.77 

55.55 

55.55 

86.15 

86.15 

J22.27 

l-.'2.35 

141.78 

133.44 


Lbs.       Lbs. 


5818 
58.18 
5818 
58.18 
58.18 
5818 
5818 
58.18 
58.18 
58.18 
58.18 
58.18 


Total  Amount  of 
Water  Received 


Pounds 


58.18 

58.18 

85.95 

85.90 

113.73 

113.73 

144.33 

144.33 

180.45 

180.53 

199.96 

1P1.62 


Depth  in 
Feet 


.527 

.527 

.779 

.779 

1.030 

1.030 

1 .  807 

1.307 

1.633 

1.635 

1.810 


Evaporation  and 
Transpiration 


Pounds 


120  18 

78.18 

80.95 

79.95 

107 . 73 

111.73 

176.33 

121.  a3 

205.45 

180.53 

227.96 

189.02 


Pepth  in 
Feet 


1.088 
.708 

.73:3 

.724 
.976 
1.011 
1.596 
1.098 
1.860 
l.ft35 
2.064 
1.717 


Difference 
Bet  ween 
Evapora- 
tion Plus 
Transpira- 
tion and 
Irrigation 
Plus 
Rainfall 


Feet 


-  0.561 

-  0.181 
-- 0.040 

-  -  0.055 
--0049 

-  -  0.018 

-  0.189 
-0.042 
-0.227 

0.000 
-0.254 

-  0  018 


74 


MONTANA    EXPERIMENT    STATION. 


EVAPORATION  FROM  A  WATER  SURFACE. 


A  tank  set  by  Prof.  Fortier  in  June,  1899,  near  the  Station 
office  building,  and  described  in  the  Ninth  Annual  Report,  was  used 
in  determining  the  evaporation  from  the  water  surface.  It  is 
aimed  to  have  the  conditions  as  nearly  as  may  be  representative 
of  the  conditions  existing  in  irrigation  reservoirs,  and  it  is  for 
comparison  with  such  reservoirs  that  these  results  are  chiefly 
useful. 

The  evaporation  from   water  surfaces  varies  considerably  in 

different  parts  of  the  state,  and  for  this  reason  a  number  of  tanks 

will  be  placed  in  different  sections,  so  that  results  may  be  obtained 

for  each  particular  locality.  One  has  already  been  located  on  the 
Cascade  Sub-Station,  on  the  plateau  15  miles  south-east  from 
Great  Falls,  and  another  on  the  Yellowstone  Sub-Station,  1% 
miles  south-west  of  Billings.  The  results  of  the  evaporation 
will  be  published  in  the  next  annual  report. 

The  following  table  shows  the  depth  of  evaporation  from  a 
water  surface  at  the  Experiment  Station  at  Bgzeman,  wliich  is  at 
an  elevation  of  4,865  feet  above  sea  level,  for  the  seasons  of  1900, 
1901,  1902  and  1903.  The  temperature  given  in  the  tables  is 
that  of  the  water  in  the  tank. 

EVAPORATION  FROM  WATER  SURFACE  AT  BOZEMAN,  MONTANA. 

1900. 


April 

May 

.  June 

July 

August 

Sept. 

October 

Mean  temperature 

5.99  in 
1.39  in. 

550  P. 
2.74  in. 

0.63  in. 

46^  P. 

Monthly  evaporation  . 
Ave.  weekly  evapora- 
tion   

5.52  in. 
1.24  in. 

3.59"i*n.3;88  in. 
0  80  in.  0  «fl  in 

0.98  in. 
0  22  in. 

Mean  temperature  58^;  total  evaporation  22.70  ins.;  averaije  weekly  evap- 
oration 0.86  ins. 

1901. 


Mean  temperature 53^  P. 

Monthly  evaporation*  0.89  in. 
Ave.  weekly  evapora 
tton 0.41  in. 


59«*P. 
5.27  in. 


60^  P. 
4.20  in, 


1.19  in.  0.98  in. 


68^  P. 
4.34  in 

0.98  in 


69*^  P. 
5.27  in. 

1.19  in. 


56«»P 
3.43  in 

0.80  in. 


51^  P. 
2.79  in. 

0.63  in. 


Mean  temperature  59.4«*;  total  evaporation  26.17  ins  ;    avera^    weekly 
evaporation  0.92  ins. 

*From  April  15  to  80. 
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1903. 


Mean  temperature 

Monthly  evaporation  . 
Ave.  weekly  evapora- 
tion  


49«^  F. 
2.11  in. 

0.49  in. 


54«>  P. 
3.40  in. 


3.30  in 


0.77  in  0.77  in.  0.92  in 


65«>F 


60^  P. 


4.07  in.  3.60  in 


0.81  in. 


5i<^  P. 


50c»P. 


3.01  in.  1.55  in. 
0.70  in.  0.36  in. 


Mean  temperature  57.7*^;    total  evaporation  21.04    ins.;   average  weekly 
evaporation  0.69  ins . 


1903 


Mean  temperature 

Monthly  evaporation. . 
Ave.  weekly  evapora- 
tion   


61«>P. 
♦1.12  in. 

O.eO  in 


62«^  P. 
3.99  in. 

0.93  in. 


64?  P. 
3.90  in. 

0.88  in. 


67.(i^  P. 
3.38  in. 

0.76  in. 


68*^  P. 
3.36  in. 

0.78  in 


55«>P. 
1.64  in. 

0.37  in. 


Mean  temperature  62.9^;   total  evaporation  17.39  ins.;   average  weekly 
evaporation  0.73  ins. 
*May  19  to  81. 


DUTY  OF  WATER  ON  EXPERIMENTAL  PLATS. 


In  the  spring  of  1903  Prof.  S.  Fortier  selected  a  tract  of  land 
in  the  central  portion  of  the  Experiment  Station  Farm  for  the 
purpose  of  ascertaining  with  accuracy  the  duty  of  water  on  differ- 
ent crops. 

Seven  of  these  plats  already  had  a  stand  of  alfalfa '  and  the 
spaces  intervening  were  plowed  and  cultivated  during  the  season. 
Six  plats  were  seeded  to  wheat,  six  to  patatoes  and  four  were 
sum  mer-fallo  wed . 

Alfalfa  plats  Nos.  1  to  8,  were  215  feet  by  12  feet,  containing 
2,580  square  feet  or  very  close  to  one-seventeenth  of  an  acre.  All 
other  plats  were  12  feet  by  242  feet,  containing  one-fifteenth  of  an 
acre.  A  space  of  six  feet  separated  the  plats  from  each  other, 
which  space  was  kept  cultivated  during  the  season. 

The  water  was  supplied  though  a  small  flume  and  measured 
by  a  weir.  In  order  that  no  water  should  escape  from  the  plats, 
an  embankment  was  thrown  up  around  each  one  and  all  the  water 
held  on  until  it  had  soaked  into  the  soil. 
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ALFALFA  PLATS. 

The  alfalfa  was  given  its  first  irrigation   on  June  17  and  18, 
and  the  following  depths  were  applied : 

of  Alfalfa  at  time  of 


^ 

Height  in 

feet   of  A 

Plat  Number 

Depth  of  Irrigation 

in  Feet 

Irrifirati 

1 

0.500 

158 

2 

0.000 

1.46 

3 

0.667 

1.46 

4 

0667 

1.33 

5 

0  833 

1.58 

6 

0.833 

1.75 

7 

0.833 

1.83 

The  second  irrigation  was  on  July  21,  at  which  time  the  fol- 
owing  depths  of  water  were  applied : 


Plat  Number. 

Depth  of  Irrigat: 

1 

0.00 

2 

0.00 

3 

0.00 

4 

0.00 

5 

0.250 

() 

0.250 

7 

0.417 

Height  of  Alfalfa  in  feet 

267 
2.17 
?.50 
2.67 
2.8.^ 
2.83 
3.00 


The  first  crop  was  harvested  on  July  22,  23  and  24.     The  fol- 
lowing are  the  jaelds  of  first  cutting,  in  pounds,  of  dry  hay : 


Plat  Number 

1 
2 
3 
4 


Pounds 

360 
155 
290 
270 


Flat  Number 

5 
6 

7 


Pounds 

500 
610 
665 


Third  Irrigation  July  27. 


Plat  Number 

3 

4 
5 
6 


Fourth  Irrigation  August  4.  ' 


Plat  Number 
6 

i 


Depth  of  Irrigation  in  feet 

0.167 
0.250 
0.250 
0.333 
0.a33 


Depth  of  Irrigation  in  feet 

0167 
0167 
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Fifth  Irrigation  August  10. 

Plat  Number 

Depth  of  Iraigation  in  feet 

3 
4 
5 
6 

7 

poocp 

Sixth  Irrigation  August  14. 

Plat  Number 

Depth  of  Irrigation  in  feet 

4 
o 
6 
7 

0.250 
0333 
0  417 
0.417 

Seventh  Irrigation  August  20. 

,  y  lat  Number  Depth  of  Irrigation  in  feet 


6 

7 

0.167 
0.333 

Eighth  Irrigation  August  21. 

Plat  Number 

Depth  of  Irrigation  in  feet 

7 

0.167 

The  second  crop  of  alfalfa  was  harvested  on  September  13 
with  the  following  yields  of  dry  hay : 

Plat  Number  Pounds  of  Hay 

1  183 

2  75 

3  230 

4  230 

5  357 
«  .  350 
7  370 

The  following  table  shows  the  depths  of  irrigation  w^ater  ap- 
plied during  the  season,  and  the  yields  in  pounds  per  acre : 

Yield  in  Pounds  per  acre 

9.t>31 

3/JlO 

8,840 

7,500 

1'JJ05 

14,4(X) 

15,375 


Depth 

of  Irrigation  plus  Rain 
fall  in  feet 

Plat  Number 

1 

1.20 

2 

.70 

3 

170 

4 

2  20 

5 

- 

2.70 

6 

3.20 

7 

3.70 
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WHEAT  PLATS. 

The  wheat  plats  were  seeded  on  May  20.  • 
The  following  are  the  dates  of  irrigation  with  the  depths  of 
irrigation  water  received  and  the  heights  of  the  wheat : 

First  Irrigation  June  19. 


Plat  Nnmber 

Depth  of  Irrigation 

in 

feet 

Height  of  Grain  at  Time  of  Irriga 
tion  in  feet 

1 
2 
3 
4 
5 
6 

0000 
0.000 
0.000 
0.255 
0.500 
0.750 

0.67 
0.67 
0.62 
0.67 

e.54 

0.58 

Second  Irrigation  August  3. 

Plat  Number 

Depth  of  Irrigation 

in 

feet 

Heighth  of  Grain  in  feet 

1 
2 
3 
4 
5 
6 

0.000 
.   0.333 
0333 
0333 
0500 
0.500 

184 
2.00 
200 
200 
2.17 
233 

Third  Irrigation  August  10. 

Plat  Number 

1 
2 
3 
4 
5 
6 

Fourth  Irrigation  August  14. 

Plat  Number 

3 
4 
5 
6 

Fifth  Irrigation  August  20. 

Plat  Number 

4 
5 
6 

Sixth  Irrigation  August  21. 

Plat  Number 
6 


Depth  of  Irrigation  in  feet. 

0.000 
0.167 

oa33 

0.333 
0333 
0.3a3 


Depth  of  Irrigation  in  feet 

0133;^ 
0  417 
0  417 
0.417 


Depth  of  Irrigation  in  feet 

0167 
0250 
0.333 


Depth  of  Irrigation  in  feet 
0167 
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The  grain  was  harvested  on  September  17,  and  the  following 
were  the  heights  and  the  yields  with  the  total  amount  of  water 
received,  including  the  rainfall : 

Depth  of  Water  Receiv-  Yields  in  Pounds  per 
Plat  Number  ed  in  feet  acre  Height  of  Grain  in  feet 

1  0.591  1920  3.17 

2  1091  2505  3.33 

3  1.591  2655  3.33 

4  2.091  2670  4.00 

5  2.591  2715  4.67 

6  3.091  2430  4.00 

The  wheat  was  irrigated  too  late  in  the  season  and  that  on 
plats  Nos.  4,  5  and  6  was  frost  bitten  and  badly  shrunken,  which 
accounts  for  the  small  yields. 

POTATOES. 

The  potatoes  were  planted  on  May  27,  on  six  plats  12  by  242 
feet,  and  containing  one-fifteenth  of  an  acre  each.  The  times  of 
irrigation  are  as  follows : 

First  Irrigation  July  16. 

Plat  Number  Depth  of  Irrigration  in  feet 

1  0.000 

2  0.000 

3  0.000 

4  0.250 

5  0.500 

6  0.667 

Second  Irrigation  August  1. 

Plat  Number  Depth  of  Irrigation  in  feet 

1  0.000 

2  0.333 

3  0.333 

4  •  0.333 

5  '  0.500 

6  0.500 

Third  Irrigation  August  10. 

Plat  Number  Depth  of  Irrigation  in  feet 

1  0.000 

2  0.167 

3  0.3.'i3 

4  0.333 

5  0.33:^ 

6  0.3a3 
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Fourth  Irrigation  August  14. 

Plat  Number 

Depth  of  Irrigation  in  feet 

3 
4 
5 
6 

0.333 
0417 
0.417 
0.417 

Fifth  Irrigation  August  20. 

Plat  Number 

Depth  of  Irrigation  in  feet 

4 
5 
6 

0.167 
0.250 
0.333 

Sixth  Irrigation  August  21. 

■ 

Plat  Number 

Depth  of  Irrigation  in  feet 

6 

0.250 

The  following  table  shows  the  depths  of  water  received,  in- 
cluding rainfall,  and  the  yields  in  pounds  per  acre : 

Depth  of  Water  Received 


Plat  Number 

in  feet 

Yields  in  Pounds 

1 

0.591 

18,750 

2 

1.091 

18,000 

3 

1.591 

16,500 

4 

2.001 

19,050 

5 

2.591 

16,500 

6 

3.091 

14,550 

CO-OPERATION  OF  EXPERIMENT  STATION  AND  U.  S.  DEPART- 
MENT OF  AGRICULTURE,  AND  DUTY  OF 
WATER  UNDER  CANALS. 


For  several  years  past  the  Irrigation  Department  of  the  Ex- 
periment Station  has  co-operated  with  the  Irrigation  Investiga- 
tions of  the  U.  S.  Department  of  Agriculture  in  investigating 
various  phases  of  the  subject  of  irrigation.  The  duty  of  water, 
seepage  losses  from  canals,  return  seepage  to  rivers,  methods  ol 
division  and  distribution  of  water,  methods  of  measuring  etc. 
have  been  studied  to  some  extent.  This  work  has  been  continued 
during  the  past  year,  and  its  scope  extended  to  investigating  Fall 
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and  Winter  irrigation,  construction  of  small  reservoirs,   rise  and 
fall  of  ground  water,  water  rights  etc. 

These  investigations  will  all  be  published  as  a  bulletin  of  this 
Station  and  will  be  embodied  in  a  report  of  irrigation  conditions, 
in  Montana,  by  the  Irrigation  Investigations. 

The  duty  of  water  during  the  past  season  was  taken  up  in 
Ravalli  county,  Jeiferson  county,  Gallatin  county  and  Yellowstone 
county. 

In  Ravalli,  the  investigations  embraced  the  farm  and  orchard 
of  Mr.  W.  B.  Harlan  in  the  upper  end  of  the  valley,  the  Bitter 
Root  Stock  farm  of  the  late  Marcus  Daly,  comprising  an  area  of 
about  15,000  acres  in  the  upper  central  portion,  Bass  Brothers' 
farm  and  orchard  in  the  lower  central  portion,  comprising  an  area  ' 
of  about  700  acres,  and  Chas.  M.  Allen's,  Mrs.  Dr.  Mills' and  Mrs. 
Hughes'  farms  and  orchards  in  the  extreme  lower  section  of  the 
valley. 

In  Jefferson  county  the  duty  was  determined  on  the  farm  of 
Hon.  T.  T.  Black,  near  Parrot.  This  being  the  first  year  that  the 
land  had  been  cultivated  furnished  us  with  valuable  data  on  new 
land. 

In  Gallatin  county  the  duty  was  determined  on  the  Middle 
Creek  Canal,  the  Cameron  Ditch,  and  several  small  fields. 

In  Yellowstone  county  a  transit  and  stadia  survey  was  made 
of  the  entire  area  irrigated  by  the  Big  Ditch.  The  flow  of  water 
was  also  recorded  during  the  season. 

The  following  table  gives  the  duty  of  water,  under  canals  for 
several  years  including  the  year  of  1903 : 
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Table  No*  VI. 


Canal 

Cour 

Area 
Irriga- 
ted 

Water 
Used 

Water  Applied 

Ob 

mGQ 

■ 

d 

Year 

ity 

Acres 

Acre 
Feet 

hi  — 

4 

1901 

Biff  Ditch 

Yellowst 

.4 

44 

Ravalli 

44 
44 
44 

44 
44 
44 
(( 
»4 
44 
44 
4« 
44 
»4 
44 

Gallatin 

44 
44 
44 

;one  ..    18144 
..    20038 
..    17172 

4105 

4850 

4850 

5260 

5420 

5420 

3587 

3985 

3985 

1600 

1975 

1975 

1211 

1345 

1845 

3853 

..    ..        3853 

31S6 

4828 

4828 

46501 
73165 
69932 
13758 
17856 
1H112 

208K3 

31274 

23373 

8626 

9933 

11785 

7494 

13423 

11630 

1759 

4710 

5120 

8074 

7324 

7454 

5577 

7137 

2.56 
3.65 
4.07 
3.35 
3.68 
3.94 
3.97 
5.76 
4.31 
2.41 
2.49 
2.96 
4.68 
6.79 
5.89 
1.45 
3.50 
3.81 
2.10 
1.90 
2.34 
1.15 
1.478 

85 

76 

58 

81 

89 

78 

65 

58 

64 

112 

132 

62 

56 

48 

36 

102 

81 

54 

87 

110 

90 

151 

151 

2.13 

1902 

t(          t( 

1.90 

1903 

(i          (( 

1.45 

1901 

Republioan 

2.02 

1902 

ti 

2  22 

1903 

14 

1.95 

1901 

Uedfire 

l.(>4 

1902 
1903 

*^*"**o^ • 

t4 

(4 

1.46 
1.60 

1901 
1902 

Ward 

44 

2.81 
3.30 

1903 

41 

1.55 

1901 

Skalkaho 

1.40 

1902 

44 

1.21 

1903 
1901 
1902 

44 

Gird ".'.'..'.'.'.'.'.'.'.'.] 

44 

.90 
2.56 
2.04 

1903 

44 

1.35 

1899 

Middle  Creek .......... 

2.19 

1900 

44                       44 

2.75 

1901 

44                       44 

2.26 

1902 
1903 

44                       44 

4i                       »( 

''*■'*•••" 

3.78 
3.78 

DISCHARGE  OF  THE    PRINCIPAL   RIVERS  OF  THE  STATE. 


For  several  years  past  the 
S  tation  has  supervised  the  work 
principal  streams  of  the  state  for 
U.  S.  Geological  Survey. 

Since  the  inauguration  of  the 
survey,  the  continuous  services  of 
which  made  it  impossible  for  a 
work. 


Irrigation  Department  of  the 
of  measuring  the  disharge  of  the 
the  Hydrographic  branch  of  the 

reclamation  service  of  the  same 
an  engineer  have  been  necessary, 
Station  officer  to  supervise  the 
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The  names  of  the  rivers  measured  and  the  points  of  measuring 
are  given  in  the  ninth  annual  report,  and  the  daily  discharges  of 
the  same. 

Through  the  kindness  of  Mr.  F.  H.  Newell,  chief  engineer  of 
the  reclamation  service,  and  his  associates,  Mr.  C.  C.  Babb  and 
others,  we  are  permitted  to  publish  the  discharges  of  the  rivers  of 
the  state  for  1902  and  1903. 

The  following  tables  show  the  maximum,  minimum  and 
mean  monthly  discharge  in  cubic  feet  per  second,  the  total  num- 
ber of  acre-feet  per  month  and  for  the  period  of  observation,  and 
the  amount  of  water  which  ran  from  each  square  mile  of  the 
drainage  basins  during  each  month  and  for  the  year. 

One  cubic  foot  per  second,  or  second-foot,  is  equivalent  to  40 
Montana  miner's  inches.  One  acre-foot  is  equal  to  43,560  cubic 
feet,  or  is  the  quantity  of  water  which  would  cover  an  acre  of 
level  surface  to  a  depth  of  one  foot. 

The  number  of  acres  of  land  which  could  be  irrigated  by\  the 
water  of  any  stream  may  be  found  by  dividing  the  number  of  acre- 
feet  during  the  irrigation  period  by  2.  For  example,  take  the 
Milk  river  at  Malta,  and  assume  the  irrigation  period  to  extend 
from  June  1st  to  August  31st.  The  number  of  acre-feet  of  water 
is  67,597  plus  25,087  plus  25,640,  which  equals  118,324.  This 
divided  by  2  equals  59,162,  which  is  approximately  the  number 
of  acres  of  land  that  could  be  irrigated  by  the  water  of  Milk 
river  at  that  point  during  the  months  mentioned. 

Again,  suppose  all  the  water  of  the  same  stream  could  be 
stored  and  used  as  necessity  demanded.  The  total  number  of 
acre-feet  for  the  year  1903  is  404,076.  This  divided  by  2  would 
equal  202,038  acres.  So  the  value  of  these  tables  is  made  ap- 
parent in  giving,  with  a  few  minutes'  computation,  the  approxi- 
mate area  that  can  be  reclaimed  by  any  of  the  streams  herein 
mentioned. 
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Estimated  Monthly  Discharge  of  St.  Mary  River  at  International  Line. 

(Drainage  Area  452  Square  Miles.) 


Month 


September  (a). 

October  (b) 

November 

December , 

The  period 

January  (d) 

February  (e)  . . 

March  (f ) 

April 

May  (g) 

June  (h) , 

July(i) 

August  (j) 

September  (k) . 
October  (1) .... 

November 

December 

The  year . . 


1902 


1903 


Discharge  in  Sec.-Ft.  | 

Maxi- 

Mini- 

Mean 

mum 

mum 

760 

175 

607 

610 

295 

475 

410 

150 

336 

1800 

240 

1106 

1112 

575 

862 

1165 

410 

921 

3280 

840 

1327 

3020 

360 

1106 

3670 

880 

1875 

7180 

4840 

6116 

5740 

2000 

3424 

2000 

1112 

1426 

2630 

720 

1145 

1720 

575 

928 

880 

360 

536 

682 

275 

436 

7180 

275 

1675 

Bun-Off 


Total  in 
Acre-Ft. 


33118 
29206 
19993 


Sec.-Ft. 
Per 
So. 
Mile 


1.343 
1.051 
0.743 


67943;  2.444 
153260 


53002 

51150 

81594 

65812 

115290 

363927 

210535 

87682 

68133 

57061 

31894 

26809 

1212889 


1.907 
2.038 
2.936 
2.447 
4.148 
13.531 
8.575 
3.154 
2.533 
2.053 
1.185 
0.965 
3.706 


Depth 

in 
Inches 


1.503 
1.211 
0.823 
2.814 


2.198 
2.122 
3  385 
2.728 
4.781 

15.100 
8.734 
3.634 
2.823 
2.363 
1.326 
1.116 

50.310 


(a)  1  to 8  estimated;  (b)  5  to  11  estimated ;  (d)  9  to  11  estimated;  (e) 2  to  18  estimated;  (f )  IS, 
19,  ^  and  21  estimated;  Ig)  10, 11, 18  and  19  estimated ;  (h)  11  and  15  estimated ;  (i)  3,  5.  6  and  20  es- 
timated ;  (k)  6  estimated;  (e)  8,  9  and  17  estimated. 


Estimated  Monthly  Discharge  of  St.  Mary  River  at  Dam  Site,  Mont. 

(Drainage  Area  177  Square  Miles.) 


jAnuary 

February 

March 

April 

May 

June 

July 

August 

September. .. 

October 

November 

December 

The  year, 


1903 


140 
461 
46, 

2251 
2110, 


1160, 
1160, 
1090 
480 
352; 
3640 


46 
46 
37 
46 
225 


3640  2110 
32801  1160 


690 
480 
480 
310 
310 
37 


66 

46 

40 

106 

750 

3154 

1832 

864 

653 

638 

398 

321 

739 


4058 

2555 

2460 

6307 

46116 

187676 

112645 

53125 

38854 

39229 

23683 

19737 

536445 


0.373 
0.259 
0.226 
0.598 
4.237 
17.819 
10.350 
4.881 
3.689 
3.604 
2.248 
1.814 
4.175 


0.4ai 

0.270 

0.261 

0.669 

4.883 

19.886 

11.934 

5.621 

4.120 

4.154 

2.509 

2.0^ 

56.832 
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Estimated  Monthly  Discharge  of  Swift  Current  River  at  Henkel's  Ranch,  Mon- 
tana (nearest  post  office,  Wetzel).     (Drainage  Area  101  Square  Miles). 


Month 


January 

February 

March 

April 

May , 

June  (a) 

July 

August 

September. .. 

October 

November. ... 

December  (d) 

The  year. 


1903 


Diseharere  in  Sec.-Ft. 

Maxi- 

Mini- 

Maam 

mum 

mum 

67 

45 

50 

52 

45 

46 

78 

45 

50 

215 

40 

81 

980 

113 

335 

2740 

1190 

1902 

1120 

425 

734 

490 

321 

391 

laao 

189 

422 

560 

189 

275 

770 

129 

264 

215 

147 

170 

2740 

40 

393 

Total  in 
Acre  Ft. 


3074 

2555 

3074 

4820 

20598 

113177 

45132 

24042 

25111 

16909 

15709 

10453 

284654 


Run-Off 


Sec.-Ft. 

Per 

8q. 

Mile 


le 


0.501 
0.46 
0.50 
0.80 
3.32 
18.83 
7.27 
3.87 
4.18 
2.72 
2.61 
1.68 
3.90 


Depth 
Inches 


0.58 
0.48 
0.58 
0.89 
3.83 

21.03 
8.38 
4.46 
4.66 
3.14 
2.91 
1.94 

52.88 


(a)  8  to  16  estimated ;  (d)  11  to  SI  estimated. 


Estimated  Monthly  Discharge  of  Milk  River  at  Havre,  Mont. 
(Drainage  Area  7300  Square  Miles.) 


January , 

February 

March 

April 

May 

June 

July 

August 

September. .. 

October 

November 

December. . .. 
The  year 


1903 


1620 

4120 

2820 

795 

795 

as9 

195 


620 
285 
507 
168 
145 
118 
110 


(a)  200 

12298 

.027 

(a)  200 

11107 

.027 

(a)  240 

14757 

.033 

996 

59266 

.136 

1079 

6&344 

.148 

975 

58015 

.134 

445 

27362 

.061 

378 

23242 

.052 

164 

9759 

.022 

138 

8485 

.018 

(a)  115 

6843 

.016 

(a)  147 

9038 

.020 

423 

306516 

.058 

.031 
.028 
.088 
.152 
.171 
.150 
.070 
.060 
.024 
.021 
.018 
.023 
.786 


(a)  Estimated. 
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Estimated  Monthly  Discharge  of  Milk,  River  at  Malta,  Mont. 
(Drainage  Area  14044  Square  Miles.) 


Month 


January 

February  

March 

April 

May 

June 

July  (d) 

August  (c)  . . , 
September . . 

October 

November. . . 

December 

The  year 


1903 


Discbarge  in  Sec.-Ft. 


Maxi- 
mum 


a355 
3890 
4170 
710 
770 
770 
228 
228 
490 


Mini- 
mum 


Mean 


Total  in 
Acre-Ft. 


830 
380 
275 
150 
185 
185 
150 
86 
86 


(a)  220, 

(a)  220 

(a)  380', 

1709 

1350 

1136 

408 

417 

299 

180 

145 

177 

558 


Run-0£F 


Sec.-Ft. 

Per 

So. 

Mile 


Depth 

in 
Inches 


13527 
12218 
23365 

105263 
83008 
67597 
25087 
25640 
17792 
11068 
8628 
10883 

404076 


.015 
.015 
.027 
.126 
.096 
.081 
.029 
.a30 
.021 
.013 
.010 
.013 
.040 


.017 
.016 
.031 
.141 
.111 
.000 
;033 
.035 
.023 
.015 
.010 
.015 
.537 


(a)  Estimated ;  (d)  30  and  31  estimated ;  (c)  1  to  7  estimated. 

Estimated  Monthly  Discharge  of  Marias  River  at  Shelby,  Mont. 

(Drainage  Area  2610  Square  Miles.) 


January.  . 
February 
March .  . . . 

April 

May 


1903  I 

'     1240 

i     1600 

'     7400 

6800 

38O0 

June 7800 

July  (a) :     3800 

August  (b) I      800 

September  (c) :.  I     1240 

October 895 

2400 
2200 
7800 


November 

December . . . . 
The  year, 


408 
460 
895 
518 
1100 
3600 
800 
510 
460 
582 
408 
654 
408 


968 

934 

1563! 

1516 

2582; 

5467, 

1993. 

671 

618 

738 

1048 

1506 

1634 


59520 

51871 

96105 

90208 

158761 

325309 

122545 

41258 

36774 

45378 

62360 

92600 

1182689 


.371' 
.358^ 
.598 
.581 
.989 
2.094 
.764 
.257 
.237 
.282 
.401 

.01  < 

,626 


.431 
.373 

.689 

.a^i 

1.140 
2.334 
.882 
.296 
.264 
.325 
.451 
.668 
8.504 


(a)  12  to  23  and  25  to  31  estimated^  (b)  1  to  17  and  19  to  31  estimated :  (c)  1  to  10  estimated. 
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Estimated  Monthly  Discharge  of  Missouri  Kiver  at  Townsend,  Mont. 

(Drainage  Area  14500  Square  Miles.) 


, 

Discharge  in  Sec.-Ft. 

Total  in 
.\cre-Ft. 

Run-Off 

Month 

Maxi- 
mum 

Mini- 
mum 

Mean 

Sec.-Ft. 
Per 

M^e 

Depth 

in 
Inches 

1903 
March  15-31 

14425 
7760 
10655 
21445 
7760 
3630 
2745 
3315 
3315 

4600 
3950 
5600 
6635 
3315 
180f) 
1800 
2745 
2745 

10568 
5295 
7590 

15785 
5282 
2398 
2350 
3231 
2934 
2745 

356342 
315074 
466691 
939273 
324777 
147447 
139835 
198666 
174585 
168783 
3231473 

.729 
.365 
.523 
1.089 
.364 
165 
.162 
.223 
.202 
.189 

.461 

April 

.407 

May 

.603 

■"        "'•7      •■--•            *.*.••-     4.     ...       --.•■       ••.■•••J.J 

June '. 

1.215 

July 

.420 

August , 

September." 

.19C 
.181 

October 

November  fa) 

.257 
.225 

December  (d) 

.218 

The  period 

(a)  11  to  28  estimated;  (d)  1  to  81  estimated. 


Estimated  Monthly  Discharge  of  Missouri  River  at  Cascade,  Mont 

(Drainage  Area  18295  Square  Miles.) 


1902 
July  17-31 

6900 
2950 
23(J5 
2950 
4030 

3170 
1810 
1915 
2380 
2550 

4847 
2171 
2057 
2720 
3176 

144208 
133490 
122400 
167247 
188985 
756330 

388919 
612293 

1068278 
448983 
159314 
135312 
187906 
248549 
374029 

3623583 

.265 
.119 
.112 
.149 
.174 

.148 

AuflTUSt 

.137 

September 

October 

.125 
.172 

November 

.194 

The  period 

1903 

April 

May 

9300 

12700 

22700 

12700 

5305 

2550 

3170 

630(> 

9900 

4730 
7700 
12100 
2845 
2090 
1970 
2645 
3170 
2740 

6536 
9958 
17953 
7302 
2591 
2274 
3056 
4177 
6083 

.a57 
.544 
.981 
.399 
.142 
.124 
.167 
.228 
.332 

.398 
.624 

June 

July 

August 

1.091 
.460 
.164 

September 

.138 

October 

November 

.193 
.254 

December 

.383 

The  period 
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Estimated  Monthly  Discharge  of  Gallatin  River  at  Logan,  Mont. 

(Drainage  Area  1805  Square  Miles.) 


Month 


1903 

January , 

February  

March 

April 

May 

June 

July 

August 

September 

October 

November 

December , 

The  year 


Discharge  in  Sec  -Ft. 

Total  in 

Maxi- 

Mini- 

Mean 

Acre-Ft. 

mum 

mum 

2320 

480 

824 

50666 

1520 

530 

1041 

57814 

1790 

530 

788 

48452 

1220 

710 

872 

51888 

*  2635 

860 

1515 

93154 

5030 

2320 

3749 

223080 

2570 

500 

1181 

72616 

650 

382 

467 

28714 

590 

382 

468 

27848 

780 

620 

712 

43778 

4580 

650 

1527 

90662 

1735 

590 

840 

51650 

5030 

382 

1165 

840622 

Run-Off 


Sec.-Ft. 

Per 

Aq. 

Mfle 

.456 
.577 

.  .436 
.483 
.839 

2.077 
.654 
.259 
.259 
.394 
.846 
.465 
.645 


Depth 

in 
Inches 


.525 
.601 
.502 
.538 
.967 
2.318 
.754 
.299 
.289 
.454 

•  irXX 

.536 

8.727 


Estimated  Monthly  Discharge  of  West  Gallatin  River  at  Salesville,  Mont. 

(Drainage  Area  860  Square  Miles.) 


January 

February  

March 

April 

May 

June 

July 

August  (a) . . . 
September . . . 

October 

November 

December 

The  year, 


1903 


380 

360 

369 

22689 

.429 

.494 

470 

365 

382 

21215 

.444 

.462 

440 

360 

370 

22750 

.430 

.496 

660 

365 

429 

25527 

.499 

.556 

2700 

440 

1066 

65546 

1.240 

1.430 

5325 

2850 

4125 

245454 

4.800 

5.350 

2850 

1020 

1635 

100532 

1.901 

2.191 

1430 

470 

684 

42058 

.795 

.916 

510 

415 

456 

27134 

.530 

.590 

510 

440 

463 

28469 

.538 

.619 

470 

370 

422 

25111 

.491 

.561 

470 

370 

428 

26317 

4.98 

.574 

6325 

360 

902 

652802 

1.050 

14.229 

(a)  17  to  31  estimated. 
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Estimated  Monthly  Discharge  of  Madison  River  at  Norris,  Mont. 

(Drainage  Area  2065  Square  Miles.) 


Discharge  in  Sec.-Ft. 

Total  in 
|Acre-Ft. 

Run-Off 

Month 

Maxi- 
mum 

Mini- 
mam 

Mean 

8ec.-Ft. 

Per 

Sq. 

MHe 

Depth 

in 
Inches 

1903 
January  (a) 

1300 
1300 
1300 
1622 
2281 
5065 
2141 
1258 
1095 
1209 
1220 
1200 
1749 

79934 

•       72198 

79934 

96516 

140253 

301389 

131645 

77351 

65157 

74338 

72595 

73785 

1265095 

.624 

.624 

.624 

.778 

1.090 

2.430 

1.030 

.603 

.525 

.580 

.585 

.576 

.839 

.714 

February  fa) 

.650 

March  (a) 

.714 

April 

1700 
3355 
6145 
3510 
1440 
1220 
1220 
1220 

1440 
1700 
3510 
1700 
1050 
1050 
1050 
1220 

.869 

May 

1.260 

June 

2.710 

July 

1.190 

Arignst     .     

.693 

September 

.586 

October 

.670 

November 

.646 

December  (a) 

.667 

The  year 



11.369 

(a)  Estimated. 


Estimated  Monthly  Discharge  of  Jefferson  River  at  Sappington,  Mont. 

(Drainage  Area  8984  Square  Miles.) 


1903 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year  


2470 

1330 

1797 

110493 

.200 

.22 

4020 

1890 

2848 

158169 

.320 

.33 

2320 

1750 

1974 

121376 

.22 

.25 

4020 

1890 

2561 

152390 

.28 

.31 

5630 

3070 

3654 

224675 

.41 

.47 

9770 

4020 

7117 

423491 

.79 

.88 

4020 

1470 

2412 

148308 

.27 

.31 

1470 

570 

858 

52817 

.10 

.12 

1060 

570 

829 

49269 

.09 

.10 

1330 

940 

1202 

73908 

.13 

.15 

6435 

1190 

3204 

190651 

.36 

.40 

5515 

1260 

2712 

166754 

.30 

.35 

9770 

570 

2597 

1872301 

.29 

3.89 
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Estimated  Monthly  Discharge  of  Yellowstone  Biver  at  Livingston,  Mont. 

(Drainage  Area  3580  Square  M^es.) 


Discbarge  in  Sec.-Ft. 

Total  in 
Acre-Ft. 

Run-Off 

Month 

Maxi- 
mum 

Mini- 
mum 

Mean 

Sec-Ft 
Per 

M^e 

Depth 

in 
Inches 

1903 
January 

1280 

1200 

1320 

2150 

7480 

20400 

13120 

5540 

2800 

2500 

1890 

1950 

20400 

960 

1152 

70834 

60369 

72863 

85448 

198974 

934870 

521476 

236850 

150010 

132506 

99550 

1        89895 

;    2653645 

.322]     .371 

FebruEUTT  (a) 

880!     1087 

.304      .317 

March 

1060 
1200 
1585 
10770 
5400 
2830 
2290 
1830 
1450 
1200 
880 

1185 
1436 
3236 
15711 
8481 
3852 
2521 
2i55 
1673 
1462 
3662 

.331 

.401 

.904 

4.390 

2.370 

1.080 

.704 

.602 

.382 

April 

.447 

May 

1.040 

June 

4.900 

July 

2.730 

August 

1.250 

September 

.784 

October 

.694 

November  (c) 

.467i     -521 

December  (d) 

.408 
1.024 

.470 

The  year 

13.906 

(a)  14  to  18  estimated;  (c)  15  to  25,  also  29  estimated;  (d)  6  estimated. 


Estimated  Monthly  Discharge  of  Bitter  Root  Biver  at  Grantsdale,  Mont. 

(Drainage  Area  1550  Square  Miles.) 


1903 

January , 

i^'ebruary 

700 

530 

1150 

3050 

6150 

12875 

3700 

700 

1150 

1585 

790 

1020 

12875 

• 

395 

395 

340 

615 

1745 

4575 

700 

175 

150 

460 

530 

530 

'      150 

518 

471 

519 

1409 

3031 

7968 

1912 

334 

481 

825 

615 

650 

1561 

31850 

26158 

31912 

83841 

186369 

474129 

117564 

.334 

.304 

.835 

.909 

1.955 

5  141 

1  234 

.385 
.317 

March 

April  

.386 
1.010 

May 

2.256 

June 

5.736 

July 

1.424 

August 

20537!     .215 

.248 

September 

28622      -310      .346 

October 

5C727 

36596 

39967 

1328272 

.532.     -617 

November 

.397 

.419 

1.007 

.443  • 

December 

.483 

The  year  

13.651 

ANNUAL  REPORT. 


93 


Estimated  Monthly  Discharge  of  Alissoala  River  at  Missoula,  Mont. 

(Drainage  Area  5960  Square  Miles.) 


Month 


January  (a)  . . 
February  (a). 

March 

April 

May 

June 

July 

August 

September  (a) 
October  (a) . . . 
November  (a). 
December  (a) . 
The  year. 


1903 


Discharge  in  See.. Ft 


Maxi- 
mum 


Mini- 
mum 


4440 
4550 
9840 
21900 
5800 
2440 


1530 
2110 
3430 
6240 
2440 
1710 


Mean 


1900 
1700 
2018 
2949 
5817 

13950 
3976 

'  1995 
1800 
1700 
1500 
1500 
3400 


Total  in 
Acre-Ft. 


116826 

94413 

124062 

175478 

357673 

830083 

244475 

122667 

107107 

104529 

89256 

92231 

2458820 


Run-Off 


Sec.-Ft 

Per 

So. 

MHe 


.319 
.285 
.339 
.495 
.976 
2.340 
.667 
.335 
.302 
.285 
.252 
.252 
.571 


Depth 

in 
Incnes 


.368 

.297 

.391 

.556 

1.130 

2.610 

.768 

.386 

.337 

.329 

.281 

.291 

7.744 


(a)  Estimated. 


E^sti mated  Monthly  Discharge  of  Big  Blackfoot  River  at  Bonner,  Mont. 

(Drainage  Area  2465  Square  Miles.) 


May  15—31 

June  (a) 

July 

August 

September  . 

October 

November 

December 

The  period 


1903 


146138 

1.758 

1.111 

450744 

3.073 

3.428 

134719 

.889 

1.025 

67944 

.448 

.517 

52899 

.361 

.403 

62164 

.410 

.473 

54744 

.373 

.416 

56568 

.373 

.430 

1025920 



(a)  21  to  27  estimated. 
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The  following  is  a  list  of  discharge  measurements  of  many  of 
the  principal  streams  throughout  the  state : 


Date. 

1903 

May  11 

May  11 

June  5 

June  23 

August  3 

October  5 

May  10 

June  3 

June  18 

June  25. 

June  30 

July  6 

Julys 

July  14 

July  18 

July  25 

July  31 

August  8 

August  14 

August  22 

August  27 

September  2. . 
September  26 

October  3 

October  10  ... 
October  17... 

August  22 

October  3 

October  10.  ., 

May  9 

June  3 

June  20 

June  26 

July  3 

July  9 

July  18 

July  25 

August  1 

August  8 . 

August  15 

August  22  — 

August  27 

September  26 
October  3 — 
October  10.  . 
October  17 . , , 

April  25 

May  12 

May  14 


Stream 


St.  Mary's 


K 
(I 
(i 
t( 

(i 

a 
(( 
(i 
(( 
t( 
(t 
ti 

(4 

it 
(( 
n 
t( 
(( 
t( 
*( 

4( 

u 

(( 


l( 

it 

44 
44 

44 

44 
44 
(4 
(4 
44 
4* 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 


Kennedy  Creek 


44 

44 


44 
44 


Swift  Current 


4* 

4k 

44 

44 

44 

44 

14 

44 

44 

44 

14 

14 

44 

44 

44 

4( 

(4 

4( 

41 

44 

44 

44 

4( 

44 

" 

44 

•  4 

44 

4* 

44 

»4 

44 

Miik . 

■      •     ■     • 

44 

• 

•      ■     ■     ■ 

44 

•      •     •     • 

Locality 


International  Line 


Head  of  Upham  Ditch.. . . 

(4  44  44  4k 

•      ■ 

44  4(  44  (4 

Henkle's  Ranch,  Mont... 


44 

4k 
44 
44 
44 
44 
44 
4k 
44 
•4 
.4 
44 
44 
44 
44 
44 


44 

.44 
•  ( 
44 
4( 
44 
44 
ki 
i( 
kk 
kk 
4« 
4k 
44 
44 
44 


44 
44 
41 
(4 
44 
4. 
44 
kk 
»4 
44 
4- 
44 
4. 
k* 
44 
4k 


Malta,  Mont 

44  44 


cbanre 
Sec.-Ft. 


44 
44 
4k 

44 
44 

Site  ... 

44 

44 
4k 
k4 

44                                                                             1 

Dam 

1 

4k 

1 

44 

44 

44 

44 

4* 

44 

, 

44 

44 

44 
44 

(4 

44 
44 

41 

44 

tt 
44 
44 

•    •      • 


k4 


44 


1131 
1125 
6942 
5212 
1730 
1325 
484 
2431 
3683 
2756 
3418 
2212 
2082 

lasi 

1638 

1574 

1246 

909 

841 

801 

758 

619 

979 

996 

637 

664 

114 

102 

84 

430 

2473 

1546 

1260 

1030 

964 

745 

718 

500 

411 

407 

358 

413 

1266 

348 

262 

368 

1073 

390 

427 
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Date 

1903 

May  14 

May  24 

May  28 

Jane  2 

Jane  9 

June  16 

June  22 

June  23 

Julys 

July  15 

July  21 

July  21 

August  12 

August  12 

September  8... 

October  8 

November  6 . . . 
November  12. . 
November  26. . 
December  7  . . . 
December  10. . 

April  4 

ApaillS 

April  22 

April  24 

April  24 

May  4 

May  13 

May  13 

May  16 

May  25 

May  27  

May  28 

May  29 

May  30 

June  24.  r 

July  23, 

July  24 

July  28 

August  18 

August  28 

September  29. 
November  4. . 

July  22 

August  16 

September  12. 

July  21 

August  10 

June  27 

July  27 

July  27 

August  19 

June  26 


Stream 


MUk 


41 
M 
(( 
U 
i( 
(( 
it 
(( 

it 

n 

i( 
ii 

41 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 


44 


Beaver  Creek 

44 


44 
44 
44 

44 


44 

44 


44 


Harlem  Canal 


44 
44 
44 


44 
44 


44 


Locality 


2dalta  Mont. 


44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 


44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

.4 

44 

44 

44 

44 

44 

44 

H 

44 

44 


Bavre,  Mont. 


44 
44 
44 

44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 


44 
44 
44 
44 
44 
41 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 


«     «     *     • 


Ashfield,  Mont 

44  44 


44 


•     •      •     • 


Paradise  Val.  Can. 


Overflow,  Bourdoin,  Mont 

44  44  44 

Zurich,  Mont 


44 
44 


44 

44 


44  4. 

Chinook.  Mont 


Dis- 
charge 
Sec.-Ft. 


464 

3729 

2777 

4184 

1753 

618 

399 

501 

357 

479 

266 

271 

483 

4»6 

150 

73 

148 

130 

88 

97 

107 

1130 

1034 

895 

912 

842 

588 

599 

552 

388 

1736 

1987 

2784 

3705 

4135 

483 

208 

152 

279 

288 

974 

118 

107 

60 

22 

.5 
14.1 

.2 
3M 
31.2 
31.4 
4.0 
16.8 
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Date 

1903 

August  20 

June  28 

July  25 

August  21 

May  7 

May  30 

June  25 

July  24 

August  18 

October  1 

May  15 

June  18 

July  8 

July  22 

July  23 

August  28 

October  2 

November  3 

April  19 

April  30 

May  29 

June  20 

July  6 

July  23 

August  24 

September  27 

April  18 

May  2 

May  27 

May  28 

May  30 

June  6 

June  21 

July  9  

July  23 

August  24 

September  25  . . . 

April  17 

May  2 

May  27 

June  7 

June  22 

July  10 

July  24 

August  24 

October  4 

April  19 

May  23 

June  11  

June  26 

July  15 

September  4 

Oetot)er  16 


Stream 


Paradise  Val.  Can 
Belknap  Canid . . . 


(( 
(( 


(4 


Marias 


(I 


«i 


Missouri 


(( 

4( 
it 

(C 


u 


u 

M 
(( 
(« 

(4 


Gallatin 


44 
14 
(( 
44 
44 
44 
4t 
44 
44 


Jefferson 


44 
44 
44 
t4 
44 
44 
44 
i4 


Madison 


44 


4k 


44 


14 


44 


Locality 


Chinook,  Mont 

44  44 


(C 

44 


44 

44 


Shelby,  Mont 

44  44 


44 

(t 
44 
44 


4( 
(4 
4« 
44 


Cascade,  Mont 

44  44 


44 
44 
44 
44 
44 
44 


44 
44 

44 
44 
44 
44 


Townsend,  Mont 

44  44 


44 
44 
44 
44 
44 
44 


44 
44 
44 
44 
44 
44 


Logan,  Mont 


44 
44 
44 
44 
44 
44 
44 
44 
44 
44 


Sappington,  Mont 

44 


44 
41 
44 
44 
44 
4k 
44 


Norris  (Red  Bluff) 


44 


44 


44 


(4 


44 


bis- 

charm 

Sec.-Ft. 


.a 

87 

76 

.8 

1721 

3330 

3969 

1019 

617 

786 

7729 

19186 

8936 

5054 

5189 

2317 

2640 

2788 

5173 

7020 

7786 

15679 

8104 

4550 

2029 

2649 

663 

935 

1182 

1349 

1552 

4013 

3295 

1496 

78» 

309 

537 

1998 

3060 

3(»1 

9755 

5968 

3436 

1874 

535 

779 

14S0 

2206 

5983 

3793 

2183 

130C 

1185 


ANNUAL  REPORT. 


97 


Date 

1903 
April  17...:... 

May  21 

June  3, 

June  13 

June  28 

July  17  

September  6.  . 

October  14 

January  3 

April  18 

May  22. 

June  13 

June  26 

July  16 

September  5... 

October  15 

April  26 

May  23 

June  29 

JulyLS 

September  13.. 

October  8 

April  24 

June30 

July  13 

September  12  . 

October  6 

April  25 

May  23 

J  une 1 

June  15 

June  29    

July  12 

August  10 

September  13.. 

October  8 

AprU28 

May  29 

June  16 

June  24 

July  9 

August  14 

September  9  . . 

October  9 

August  1 

August  31 

September  28. . 

October  31 

April  4 

May  25 

June  24 

Julys 

July  20 

September  1  . . 


stream 


Middle  Creek 


44 

4» 
4( 
ii 
(4 

U 
«4 


n 

44 
4i 
44 

14 


West  Gallatin 


44 
44 

44 
4i 
4t 
44 
44 


44 
44 
44 

44 
44 
44 
44 


Big  Blackfoot 


44 
44 
44 
«4 
44 


(4 
U 
44 

44 
44 


Missoula 

44 
44 

41 
44 

Bitteroot 

44 

14 
44 

U 
44 
44 
44 
44 
44 
4  ■ 
44 
44 
44 
44 
44 
4k 

Yellowstone 


Locality 


Bozeman,  Mont 


44 
44 
«4 
44 
44 
44 
»4 


44 


44 
44 
4* 


Salesville,  Mont 


44 
4k 

4 
44 

44 

44 
44 


44 


14 


44 


44 


44 


44 


Bonner,  Mont 


44 
44 
44 
44 

44 


Missoula,   Mont 


44 


44 

44 
4. 
44 
4» 
44 
44 
44 
44 
44 
44 


Grantsdale,  Mont 

44  44 


44 
44 

44 

44 
44 
44 


44 
44 

44 
44 
44 
44 


Glendive,   Mont 


44 


44 


44 


44 

44 
44 


Livingston,  Mont 


44 

44 

44 

44 
44 


Dis- 
charge 
Sec-Ft. 


26.7 

89 

503 

348 

326 

280 

60 

48 

375 

402 

929 

5006 

3063 

1604 

474 

448 

2352 

2979 

3830 

2003 

948 

888 

3776 

6580 

3661 

1670 

laSH 

4131 

3377 

9982 

12637 

9121 

4217 

1546 

1463 

1683 

3283 

47H8 

9075 

3914 

2308 

322 

a38 

647 

31058 

9645 

7131 

5966 

1424 

2549 

54208 

inas 

7563 
3009 
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Dear  Sir: — In  accordance  with  the  Congressional  Act  of  March 
2,  1887, 1  have  the  honor  to  transmit  herewith  the  eleventh  annual  re- 
port of  the  Montana  Experiment  Station.  The  financial  statement 
is  for  the  year  ending  June  30,  1904,  the  results  of  investigations  of 
the  several  departments  are  reported  to  the  end  of  the  State  year, 
November  30,  1904. 

Very  respectfully, 

F.  B.  LINFIELD. 

Director. 
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REPORT  OF  THE  TREASURER, 


The  Experiment  Station  of  the  Agricultural  College  of  the  State  of 
Montana    in    account    with    the    United    States  appropriation, 

1903- 1904. 

Dr. 
To  receipts  from  the  Treasurer  of  the    United    States    as 
per  appropriation  for  fiscal     year     ending    June     30, 
1904,  as  per  Act  of  Congress  approved  March  2, 1887.  .$15,000.00 

Cr. 

By  Salaries    $  8,439.00 

Labor    1,978.48 

Publications 2,932.41 

Postage  and  stationery    .  .• 34142 

Freight  and  express 337-58 

Heat,  light,  water  and  power. 60.94 

Chemical  supplies    ^ 196.92 

Seeds,  plants  and  sundry  supplies 195-64 

Fertilizers 12.50 

Library   

Tools,  implements  and  machinery 287.97 

F'urniture  and  fixtures   1 10.81 

Scientific  apparatus 91.01 

Contingent  expenses  '  15.00 

Total   $15,000.00 

We,  the  undersigned,  duly  appointed  Auditors  of  the  Corpora- 
tion, do  hereby  certify  that  we  have  examined  the  books  and  ac- 
counts of  the  Experiment  Station  of  the  Agricultural  College  of  the 
State  of  Montana  for  the  fiscal  year  ending  June  30,  1904;  that  we 
have  found  the  same  well  kept  and  classified  as  above,  and  that  the 
receipts  for  the  year  from  the  Treasurer  of  the  United  States  are 
shown  to  have  been  15,000.00,  and  the  corresponding  disbursements 

$15,000.00;  for  all  of  which  proper  vouchers  are  on  file  and  have  been 

by  us  examined  and  found  correct,  thus  leaving  no  balance. 

And  we  further  certify  that  the  expenditures  have  been  solely 

for  the  purposes  set  forth  in  the  Act  of  Congress  approved  March 

2,  1887.  SiQ:ned: 

At^^j^t .  WALTER  S.  HARTMAN, 

PETER  KOCH,  PETER  KOCH, 

Custodian.  Auditors. 


SUPPLEMENTARY  STATEMENT. 

EXPERIMENT   STATION  MISCELLANEOUS  FUND. 

To  Receipts  Farm  produce,  etc $3871.02 

By  Salaries $ 

Labor 742.25 

Publications   

Postage  and  stationary 

Freight  and   express 

Heat,  light  and  water 

Chemical   supplies    204.88 

Seeds,  plants  and  sundry  supplies 307.$! 

Fertilizers   

Feeding  stuffs 217.38 

Library 

Tools,  implements  and  machinery 

Furniture  and  fixtues 

Scientific  apparatus    

Live  stock 1737*36 

Traveling  expenses 373-33 

Contingent  expenses 

Buildings  and  repairs 288.31 


REPORT  OF  THE  DIRECTOR. 


IMPROVEMENTS. 


The  past  year  while  in  a  measure  a  period  of  reorganization  of  the 
station  was  marked  by  substantial  progress  in  the  work  done  and  in 
added  equipment  for  that  work. 

The  funds  appropriated  by  the  legislature  of  1903  for  farm  build- 
ings have  provided  us  with  excellent  facilities  for  caring  for  our  dai- 
ry and  breeding  cattle  and  the  experimental  grains  and  seeds.  Illus- 
trations and  descriptions  of  these  buildings  will  accompany  this  re- 
port. The  ground  around  these  new  buildings  has  been  leveled  and 
graded  and  three  corrals  provided  for  the  proper  care  of  the  live 
stock. 

From  the  maintenance  fund  provided  by  the  state,  we  have  been 
able  to  add  an  incubator  cellar  and  to  finish  the  brooder  house  of 
the  poultry  building  and  also  to  provide  for  heating  for  the  same. 
During  the  coming  season  it  is  planned  to  enlarge  materially  the  ac- 
commodations for  the  poultry. 

From  several  old  buildings  with  a  little  new  lumber  a  very  con- 
venient piggery  has  been  constructed.  This  building  consists,  first; 
of  a  center  part  30  feet  by  35  feet  which  is  used  for  feed  storage^  far- 
rowing pens  and  a  room  to  be  used  for  killing  and  dressing  animals. 
P  rom  this  center  part  run  two  wings  50  by  16  feet,  one  wing  to  the 
west  and  the  other  to  the  south,  giving  six  pens  in  each  8  by  12  feet 
with  an  alley  four  feet  wide  along  one  side.  Outside  of  each  pen  is 
a  yard  8  by  15  feet.  This  has  made  us  12  excellent  feeding  pens  for 
the  hogs. 

Considerable  yet  remains  to  be  done  to  get  the  farm  in  first 
class  shape  and  we  plan  to  continue  the  work  of  improvement  for  the 
next  two  years  as  far  as  our  limited  funds  will  permit.  The  roads 
on  and  around    the    farm    yet    need    some    additional    work.      A 
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beginning  has  been  made  in  draining  the  swamp  in  the  pasture,  and 
this  work  we  plan  to  continue  till  all  the  land  is  reclaimed. 

During  the  past  summer  a  herd  of  dairy  cows  was  purchased  so 
that  we  are  now  in  a  position  to  take  up  the  dairy  question  and  to 
study  the  problem  of  milk  production. 

THE  WORK  OF  THE  DEPARTMENTS. 

All  of  the  departments  have  taken  hold  of  the  problems  before 
them  with  vigor,  and  a  large  amount  of  valuable  work  has  been  done. 

The  chemical  department  has  excellent  facilities  for  its  work  and 
an  additional  assistant  added  last  spring  has  placed  this  department 
on  a  strong  basis.  The  main  line  of  work  by  the  department  has 
been  the  study  of  the  so-called  loco  poisoning  of  sheep  presumably 
caused  by  the  loco  weed.  This  work  was  undertaken  in  co-operation 
V,  ith  the  Bureau  of  Plant  Industry,  U.  S.  Department  of  Agriculture. 
Xo  definite  conclusions  can  yet  be  drawn  from  this  work  but  the 
investigation  will  be  continued  during  the  coming  season.  The 
department  has  also  continued  its  study  on  food  products  but  ex 
pects  to  concentrate  in  the  future  on  the  study  of  those  adulterated 
products  that  come  in  competition  with  the  Montana  produced 
foods. 

The  publication  of  Bulletin  No.  52  on  sugar  beets  by  the  former 
head  of  the  department,  Dr.  Traphagen  seemed  to  have  aroused  re- 
newed interest  in  the  sugar  beet  investigations.  The  contemplated 
factory  at  Billings,  which  is  also  in  a  measure  a  result  of  the  sugar 
beet  studies  at  the  Experiment  Station,  has  added  to  the  interest  so 
that  there  is  considerable  call  for  further  tests  by  the  people  in  all 
parts  of  the  state.  The  Chemical  department  will  therefore,  con- 
tinue its  investigations  along  this  line. 

The  head  of  the  Botanical  Department  was  absent  in  the  east 
for  a  considerable  part  of  the  past  year  making  a  study  of  the  flora 
of  the  state  which  the  department  has  been  collecting  for  several 
years  past.  A  set  of  Montana  plants  was  also  prepared  for  exhibi- 
tion at  the  World's  Fair  at  St.  Louis. 

During  the  latter  part  of  the  season  some  attention  has  been 
<levoted  to  the  study  of  plant  diseases,  to  collecting  seeds  of  possibly 
economic  plant  for  the  horticulturist  and  to  the  testing  of  the 
purity  of  grass  and  other  seeds. 

The  Entomological   Department  has  spent  a  very  busy  year. 
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With  the  development  of  the  agriculture  of  the  state,  come  the  many 
insect  enemies  of  the  farmers'  crops.  Some  of  these  come  from 
without  the  state  but  finding  here  new  climatic  conditions,  they 
adopt  in  a  measure  new  habits  of  life,  so  that  many  ^vell  known  in- 
sects become  here  a  new  problem  to  the  entomologist.  There  are 
also  man}'  insects  native  to  the  state  which  seem  to  be  very  willing 
to  leave  the  native  vegetation  and  feed  on  the  harvest  prepared  by 
man.  These  also  have  to  be  studied.  The  entomologist  is  devot- 
mg  himself  to  the  study  of  the  life  histories  and  habits  of  a  number  of 
these  insect  pests.  With  such  knowledge  it  is  generally  possible  to 
devise  some  method  of  control. 

During  the  past  year  the  eye-spotted  bud  moth  has  been  studied 
and  methods  of  practically  complete  control  devised.  The  results 
are  reported  in  Bulletin  No.  55.  The  strawberry  crown  girdler  has 
also  been  studied  and  considerable  progress  has  been  made  in  devis- 
ing methods  of  combatting  this  pest.  These  results  are  also  publish- 
ed in  Bulletin  No.  55.  Much  data  has  also  been  collected  concern- 
ing the  grasshopper,  cabbage  aphis  and  allied  species,  and  other  in- 
sects. 

Considerable  additions  have  been  made  to  the  insect  collection 
of  the  department  and  a  beginning  has  been  made  in  the  study  of 
the  native  insectivorous  birds. 

The  Horticultural  Department  has  continued  its  observations 
during  the  year  on  the  varieties  of  fruits  and  vegetables.  There  is 
a  large  field  for  work  along  this  line  particularly  in  the  originating 
of  new  varieties  better  adapted  to  Alontana  conditions.  Crosses  have 
been  made  and  a  large  number  of  seedlings  started  as  a  beginning 
in  this  new  line  of  inquiry.  This  kind  of  work  is  slow,  requiring 
years,  generally,  to  bfing  satisfactory  results,  but  observations 
show  it  to  be  the  true  method  of  finding  improved  varieties  better 
adapted  to  Montana  conditions. 

The  department  has  also  started  to  make  a  collection  of  native 
shrubs  and  will  study  their  adaptability  for  ornamental  purposes. 

Considerable  of  the  time  of  the  department  has  been  given  to 
clearing  up  the  grounds,  ridding  it  of  overgrown  nursery  stock  of 
all  kinds  and  to  planting  the  cleared  ground  to  small  and  large  fruits. 

The  Irrigation  Department  was  reorganized  during  the  year 
owning  to  the  resignation  of  Prof.  S.  Fortier.  But  through  the  ap- 
pointment of  Mr.  J.  S.  Baker  who  for  several  years  assisted  Prof. 
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Fortier  in  this  work,  the  plans  of  Prof.  Fortier  were  continued.  In- 
vestigations were  continued  on  the  duty  of  water  in  the  Bitter  Root 
<:nd  Yellowstone  valleys. 

A  new  line  of  work  was  some  studies  in  drainage  on  a  tract  of 
land  near  Billings,  where,  in  co-operation  with  Mr.  Ed  O'Donnell  and 
the  Custer  Cattle  Co.,  a  large  tract  of  land  was  drained.  Further 
observations  will  be  made  on  the  results. 

At  Wayne,  Cascade  Co.,  a  small  farmers'  reservoir  was  con- 
structed, and  at  Dillon  plans  were  laid  for  the  study  of  the  effect  of 
late  fall  and  early  spring  irrigations. 

The  irrigation  studies  on  the  station  farm  and  in  the  tanks  were 
also  continued. 

The  department  has  been  co-operating  with  Prof.  Elwood  Mead 
of  the  Irrigation  Division,  U.  S.  Dept.  of  Agriculture  and  also  with 
Mr.  Wade,  State  Engineer.  The  extra  funds  provided  have  been  a 
great  help  to  the  work  of  the  department. 

The  Agricultural  Department  has  aimed  to  continue  the  work  in 
the  field  and  with  the  livestock  about  on  the  basis  of  the  past  while 
at  the  same    time  preparing  for  an  extension  of  these  lines  of  work. 

A  car  of  steers  and  sheep  were  fed  during  the  winter  and  a  small 
herd  of  cows  maintained. 

In  the  spring  an  assistant  for  the  field  work,  Mr.  A.  Atkinson 
ni  Iowa,  was  engaged  and  plans  were  laid  for  a  considerable  exten- 
sion of  the  field  work.  Very  much  time  was  spent  during  the  year 
:-n  the  study  of  the  accumulated  data  from  the  field  work  which  was 
Ijuried  in  a  mass  of  note  books,  and  unfortunately  very  fragmenta- 
ry, in  character.  A  system  of  record  books  for  the  field  work  was 
nlso  devised.  With  the  old  data  available  for  study  we  have  a  much 
1  etter  basis  for  our  future  work. 

With  the  completion  of  the  new  cattle  barn  and  the  purchase  of 
?  herd  of  grade  cows,  a  beginning  has  been  made  in  the  study  of 
milk  production.  It  also  enlarges  our  facilities  for  study  in  the  rais- 
ing of  young  stock  of  all  kinds. 

During  the  year  it  was  decided  to  extend  the  work  with  poul- 
try and  so  an  addition  was  made  to  the  poultry  building,  aflFording 
room  for  feed,  for  a  heater,  and  for  incubators.  A  large  number  of 
chicks  were  also  raised  and  several  more  strains  purchased,  so  that 
we  make  a  new  start  in  this  work.  It  was  thought  best  to  place  this 
work  in  the  hands  of  an  expert  and  so  Mr.  James  Dryden  who  for 
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many  years  had  charge  of  the  poultry  at  the  Utah  Experiment  Sta- 
tion, was  engaged  to  look  after  the  work.  It  is  planned  to  enlarge 
the  plant  in  the  near  future  so  that  it  can  be  handled  more  economi- 
cally. 

With  the  help  of  the  college  the  engine  house  of  the  dairy  was 
enlarged  and  a  fuel  room  and  ice  house  built.  This  puts  the  dairy 
work  on  a  well  equipped  basis  though  w€  already  find  that  for  stu- 
dent and  station  work  ihe  building,  is  ±00  small  for  our  needs. 

The  department  has  also  devoted  considerable  time  and  labor 
I0  improvements, — building  a  piggery,  leveling  and  grading  around 
buildings,  fencing,  draining,  etc. 

The  head  of  the  department,  as  the  year  before,  had  charge  of 
the  agricultural  exhibit  at  St.  Louis  and  this  demanded  nearly  two 
ihonths  of  his  time  away  from  the  station,  besides  the  demands  of 
correspondence,  etc.,  in  connection  with  the  work. 


SUB-STATIONS. 


In  the  spring  of  1903  a  20  acre  tract  was  selected  by  Prof.  S. 
Fortier  at  Wayne  Siding  near  Great  Falls  as  a  temporary  sub-sta- 
tion. This  work  was  undertaken  in  co-operation  with  Prof.  Mead 
of  the  Division  of  Irrigation,  U.  S.  Dept.  of  Agriculture.  There  were 
three  objects  kept  in  view;  first,  to  test  the  methods  of  cultivation 
and  kind  of  crops  that  would  yield  the  best  without  irrigation ;  sec- 
ond, to  determine  how  to  construct  a  small  reservoir  to  catch  the 
flood  water  of  the  spring  to  be  used  later  for  watering  stock  and 
irrigating  a  small  orchard  and  garden ;  third,  to  arrange  to"  control 
the  over-flow  from  the  reservoir  and  turn  it  on  the  land  to  irrigate 
it  early  in  the  spring  and  late  in  the  fall.  During  the  past  year  the 
dam  was  built  and  a  start  was  made  in  cropping  the  land. 

Last  fall  a  tract  was  secured  from  Mr.  J.  E.  Morse  of  Dillon  to 
test  the  efficiency  of  late  fall  and  early  spring  irrigation  on  both 
cultivated  crops  and  alfalfa. 

There  is  room  for  considerable  extension  of  this  work  in  several 
parts  of  the  state.  Our  valleys  are  so  varied  in  their  climatic  condi- 
tions that  there  is  necessity  for  more  careful  study  of  conditions  .gov- 
erning crop  growth  in  these  several  localities.  This  work  cannot 
be  undertaken,  however,  without  additional  funds  from  the  state. 
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POLICY  OF  STATION. 


The  policy  of  the  station  in  the  future  as  in  the  past  will  be 
to  deepen  rather  than  extend  the  lines  of  work.  No  man  can  cover 
the  whole  field  of  agriculture  and  do  work  satisfactorily  either  to 
himself  or  to  the  people.  The  plan,  therefore,  will  be  to  assign  a 
man  to  each  department  of  the  work  and  as  far  as  possible  let  him 
confine  himself  to  that  field.  In  several  cases  this  will  necessitate 
co-operaticn  between  various  departments  in  the  complete  study 
of  a  problem  but  we  believe  that  much  more  will  be  accomplished 
by  such  co-operation  than  for  each  department  to  cover  the  wider 
field.  This  it  appeals  to  me  is  a  point  vital  to  our  progress.  We  are 
not,  and  cannot  organize  on  the  basis  of  the  large  bureaus  of  the 
Agricultural  Department  at  Washington,  D.  C,  where  each  bureau 
may  call  to  its  aid  and  employ  directly  all  the  special  scientists  need- 
ed to  fully  elaborate  the  various  lines  of  work  undertaken.  Our  plan 
must  be  to  let  each  department  specialist  handle  the  work  in  his 
field  and  when  any  department  has  to  go  outside  of  its  special  work, 
then  to  arrange  co-operation  with  the  other  departments  that  are 
fitted  to  handle  the  special  phases  of  the  work  that  come  in  its 
province.  Personal  and  even  departmental  consideration  must  at  all 
times  be  secondarv  to  the  work  of  the  station  as  a  whole. 

As  time  passes  and  the  field  work  develops  it  is  difficult,  indeed, 
^o  keep  the  demands  for  work  within  the  funds  available.  Efficiency 
cind  thoroughness  must,  however,  be  our  aim  even  at  the  expense 
iji  leaving  out  some  lines  of  work  which  may  appear  very  necessary. 

In  a  new  and  developing  country  it  has  seemed  to  me  that,  the 
positive  side  of  the  work  should  have  most  consideration.  The 
creating  of  new  and  better  forms  and  methods  should  in  the  main 
predominate  over  the  combating  of  plant  and  animal  enemies  im- 
portant as  these  latter  are.  To  this  end  the  policy  has  been  and  will 
be  to  develop  the  creative  departments  of  the  station. 

It  is  not  possil)le  to  exactly  define  the  limits  of  the  station  work, 
but  broadly  speaking  it  will  divide  itself  into  four  groups — three  of 
these  largely  creative  or  positive  and  one  negative  in  character. 

The  first  will  deal  with  the  originating  and  testing  of  new  vari- 
eties of  plants  and  the  study  of  improved  methods  of  growing  them. 
This  will  be  the  work  of  the  Agronomist  and  the  Horticulturist, 
together  with  the  co-operation  of  the  Chemjst.    This  is  truly  a  broad 
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and  important  field  yet  it  is  planned  to  keep  it  within  limits  that  will 
warrant  efficiency  in  results. 

A  second  line,  which  in  some  respects  in  an  arid  country  is 
more  important  than  the  first  mentioned,  is  the  study  of  the  best 
use  of  water:  The  efficient  use  of  water  and  the  methods  of  man- 
agement that  will  save  the  largest  amount  for  the  plant  and  reduce 
the  waste  to  a  minimum.  This  study  will  be  carried  on,  on  irrigated 
land  and  on  the  dry  bench  lands  and  calls  for  the  co-operation  of  the 
Irrigation  Engineer,  the  Agronomist  and  the  Horticulturist. 

The  third  problem  will  be  a  consideration  of  the  relation  of  land 
and  live  stock.  How  to  economically  turn  the  crops  of  the  farm 
mto  products  that  will  sell  readily  and  profitably  In  this  work  all 
classes  of  live  stock  will  be  studied  and  the  relative  efficiencv  of  each 
will  be  recorded.  The  best  and  most  valuable  work  will  be  done  by 
co-operation  between  the  Animal  Industry  and  Chemical  Depart- 
ments . 

The  fourth  and  negative  side  of  our  activities  is  a  large  and 
varied  one.  It  has  to  do  with  the  enemies  of  the  farmer,  the  control 
of  plant,  insect  and  parasitic  pests,  and  of  the  excess  of  mineral  salts 
and  water  in  the  soil.  Here  then  may  be  much  independent  investi- 
gation and  some  co-operative  work.  The  chemist,  the  engineer,  the 
biologist  and  the  veterinarian  will  all  have  something  to  do  in  this 
group. 


FARMERS'  INSTITUTES. 


The  Director  of  the  station  is  a  member  of  the  Board  of  Ad- 
ministrators of  Farmers'  Institutes  and  in  the  organization  of  the 
Board  was  made  Secretary  of  the  Board  and  Superintendent  of 
Farmers'  Institutes,  with  direct  charge  of  the  management  of  the 
institute  work  over  the  state. 

The  past  year  has  called  for  a  great  deal  of  time  in  organizing 
this  work.  It  has  entailed  a  large  amount  of  correspondence  and  sev- 
eral weeks'  time  on  the  road.  Each  member  of  the  Station  staflF  has 
also  spent  about  two  weeks  or  over  in  the  work,  and  has  rendered 
very  efficient  service.  All  parts  of  the  state  have  been  visited.  Meet- 
ings have  been  held  in  every  farming  county  and  in  nearly  every 
valley  in  the  state.  These  visits  to  various  parts  of  the  state  have 
been  of  considerable  value  to  the  staff  both  for  the  college  and  sta- 
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ticn  work,  and  it  has  aided  materially  in  bringing  the  results  of  our 
work  immediately  home  to  the  people. 

It  is  encouraging  to  note  that  the  interest  in  these  meetings  over 
the  state  is  growing  rapidly.  The  attendance  for  the  past  year  w^as 
more  than  double  that  of  the  previous  year,  and  a  larger  number  of 
communities  are  asking  for  meetings. 


STATION  STAFF. 


There  was  but  one  change  in  the  station  staff  the  past  year,  but 
several  additions  and  some  advancements  have  been  made.  The  sta- 
tion staff  now  numbers  eleven  compared  to  eight  one  year  ago.  This 
has  meant  an  increase  in  the  specialists  in  the  technical  agricultural 
field  and  also  an  increase  in  the  assistants  in  some  departments. 

At  the  end  of  the  fiscal  year,  July  i,  Prof.  S.  Fortier  who  for 
three  years  was  director  of  the  station  and  irrigation  engineer,  sev- 
ered his  connection  with  the  station  to  accept  a  position  in  California 
under  the  Irrigation  Division  of  the  U.  S.  Dept.  of  Agriculture. 
Prof.  Fortier's  wide  experience  in  irrigation  work  brought  a  call 
from  a  larger  field  with  increased  renumeration,  that  he  could  not 
refuse. 

Prof.  Fortier  had  been  absent  on  leave  for  one  year,  and  the 
writer  who  had  been  acting  director  during  that  time  was  appointed 
to  the  position  of  director  on  Prof.  Fortier's  resignation.  In  addition 
lo  the  duties  of  director,  the  writer  also  remained  at  the  head  of  the 
agricultural  work. 

The  vacancy  in  the  irrigation  department  occasioned  by  Prof. 
Fortier's  resignation  was  filled  by  the  appointment  of  Prof.  J.  S. 
Raker  as  Irrigation  Engineer.  Prof.  Baker  had  been  Assistant  Civil 
Engineer  in  the  college  and  had  spent  several  years  in  irrigation 
studies  under  Prof.  Fortier's  direction. 

P)ecause  of  the  increased  duties  of  the  head  of  the  Agricultural 
Department,  Mr.  Alfred  Atkinson,  a  graduate  of  the  Iowa  Agricul- 
tural College,  was  elected  to  the  position  of  Assistant  Agronomist 
with  immediate  charge  of  the  field  crop  work. 

Mr.  R.  W.  Fisher  was  advanced  to  the  position  of  Horticultur- 
ist and  given  full  charge  of  the  horticultural  work. 

Mr.  H.  J.  Reese,  a  graduate  of  the  Chemical  Department,  was 
a^»pointed  as  assistant  in  the  chemical  laboratory. 
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Later  in  the  season  Mr.  James  Dry  den,  who  for  many  years  had 
.charge  of  the  poultry  work  at  the  Utah  Station,  and  who  had  made 
a  wide  reputation  for  himself  and  the  station  in  this  work  was  en- 
gaged to  take  charge  of  the  poultry  work.  Mr.  Dryden  also  had 
charge  of  the  office  as  clerk  and  editor  and  is  a  valuable  addition  to 
the  station  staff. 


NEEDS   OF   STATION. 


A  pressing  need  of  the  Station  is  more  room.  The  cramped 
quarters  in  the  present  Experiment  Station  is  used  for  College  and 
Station  work  by  five  departments  of  the  College  and  sta- 
tion besides  the  director's  office,  and  the  library  and  mailing  room 
of  the  Experiment  Station.  When  a  building  45  by  50  feet,  two 
stories  with  a  basement  and  attic,  has  co  accommodate  all  the  tech- 
nical agriculture  and  horticulture,  the  civil  enginering,  the  botany 
and  zoology,  subjects,  every  one  of  which  requires  large  laboratory 
room,  it  is  surprising  that  so  efficient  work  has  been  done  in  the 
past.  These  departments  cannot  do  the  work  which  is  being  de- 
manded of  them  in  these  cramped  quarters  and  it  is  hoped  that  this 
fact  will  be  recognized  by  our  legislators  in  the  very  near  future  and 
more  commodious  quarters  provided. 

A  beginning  has  been  made  in  providing  increased  room  and 
facilities  for  our  live  stock  and  farm  products.  Ordinarily  it  might 
seem  that  we  might  be  able  to  get  along  for  a  few  years  with  these 
additions.  When  it  is  remembered,  however,  that  two  years  ago 
there  were  no  farm  buildings  of  a  permanent  character  on  the  place 
and  the  temporary  shacks  we  have  are  not  alone  rough  looking,  but 
wholly  inadequate  for  our  work,  it  will  be  recognized  that  additions 
are  yet  needed  and  should  be  provided  as  soon  as  possible. 

In  this  connection,  sheep  and  steer  feeding  buildings  are  our 
greatest  need,  though  a  hew  horse  barn  and  cottages  for  the  foremen 
of  the  farm,  livestock,  poultry  and  orchard  are  needed  as  these  men 
must  be  on  the  ground  to  give  to  their  work  the  attention  it  demands. 


CORRESPONDENCE. 


.  The   correspondence   of   the    Station    shows   no   diminution    in 
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amount.  In  fact,  all  departments  report  an  increase  over  previous 
years. 

From  the  Director's  office  nearly  i,ooo  letters  were  received  and 
answered.  The  Chemist  sent  out  nearly  400  letters.  The  Entomolo- 
gist 525,  the  Dairyman  about  400,  the  Horticulturist  475,  the  Irriga- 
lion  Engineer  300,  the  Poultry  man  about  200  in  7  months,  the  Bo- 
tanical Department  about  300,  the  Agronomy  Department  over  100 
in  6  months. 

This  makes  a  total  of  about  3700  letters  answered  for  the  year 
by  the  various  members  of  the  Station  staff.  A  very  great  number 
of  these  letters  required  extended  answers  and  many  required  con- 
siderable research.  These  letters  come  from  all  parts  of  the  state 
and  cover  all  phases  of  agricultural  practice. 

The  demands  of  this  correspondence  make  the  Station  Staff 
an  information  bureau  on  agricultural  topics  and  is  a  large  tax  on 
the  time  and  energy  of  the  various  departments.  It  is,  too,  a  tax 
for  which  little  credit  is  frequently  given  as  there  is  little  to  show 
in  the  wav  of  results  beyond  the  letter  books  and  letter  files.  It  is 
believed,  however,  that  the  returns  to  the  people  of  the  State  amply 
compensate  for  this  work,  though  the  benfits  cannot  be  measured. 


PUBLICATIONS  OF  THE  YEAR. 


During  the  past  year  an  attempt  was  made  to  improve  the  style 
of  our  publications.  A  committee  of  the  staff  prepared  a  new  style- 
board,  which  it  is  believed  will  make  our  bulletin  look  much  more 
neat  and  attractive.  It  is  also  planned  to  make  each  yearly  volume 
of  the  bulletins  uniform  in  style.  It  is  believed  that  the  improved 
appearance  will  commend  itself  to  the  people  of  the  state,  while  the 
thousands  that  go  beyond  the  state  will  certainly  speak  a  better  word 
for  us. 

During  the  year  a  smaller  number  of  bulletins  have  been  issued 
than  in  either  of  the  two  previous  years.  This  was  due  in  part  to  the 
fact  that  in  some  departments  the  data  on  hand  has  been  published, 
and  for  other  departments,  the  pressure  of  other  duties  has  prevent- 
ed the  preparation  of  bulletins  from  the  data  accumulated  for  the 
past  year  or  two.  But  four  bulletins  and  one  annual  report  have 
been  published,  making  altogether  275  pages  of  printed  matter. 

The  following  is  the  list  published  for  the  year: 
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Bulletin  No.  52,  Sugar  Beets: — This  bulletin  in  addition  to  giv- 
ing a  report  of  the  work  with  sugar  beets  for  1903,  gives  a  summing 
I'p  of  the  results  of  several  years  co-operative  tests  with  sugar  beets. 
The  possibility  and  prospects  for  profitable  sugar  beet  growing  for 
a  sugar  factory  are  fully  discussed.     56  pages. 

Bulletin  No.  53,  Creameries  and  Cheese  Factories: — Their  Or- 
ganization and  Equipment:  This  gives  plans  and  specifications  for 
the  building  and  equipment  of  creameries  and  cheese  factories  and 
rules  for  the  organization  of  local  companies  for  the  management 
and  running  of  the  same.    32  Pages,  6  Plates. 

Bulletin  No.  54,  The  Alkali  Soils  of  Montana : — This  is  a  second 
bulletin  on  this  subject,  bringing  the  results  of  the  work  up  to  date. 
Ihe  origin,  cure,  and  control  of  the  alkali  is  discussed.  34  pages  and 
5  plates. 

Bulletin  No.  55,  Second  Annual  Report  of  the  State  Entomolo- 
gist:— Records  the  result  of  investigations  of  the  eye-spotted  bud 
moth,  the  strawberry  crown  girdler,  the  elm  mealy  bug,  and  gives 
remedies  for  the  same.  It  discusses  also  a  lot  of  insect  pests  that  are 
liable  to  become  injurious  in  Montana.      75  pages.  3  Plates. 

The  Eleventh  Annual  Report,  96  pages  6  plates. 


LIST  OF  STATION  PUBLICATIONS. 


* 


1.  Organization — Announcements. 

2.  Smut  of  Wheat,  Oats  and  Barley. 

3.  Pig  Feeding. 

4.  Glanders. 

5.  First  Annual  Report,  Crop  Statistics  of  Gallatin  County. 

*  6.     Measurement  of  Water. 

*  7  Small  Grains  and  Potatoes. 

*  8     Second  Annual  Report — Crop  Statistics  of  Gallatin  County 

— Parastic  Ictero — Haematuria  of  Sheep. 

*  9.     Potatoes. 

*  10.     Small  Grains,  Wheat,  Oats,  Barley. 

*  II.     Devices  for  Obtaining  a  Constant  Flow  in  Laterals  with 

Variable  Heads  in  the  Main  Canals  or  Reservoirs. 

12.  Third  Annual  Report,  Spaying  of  Mares. 

13.  Drinking  Water. 
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14.  Montana  Swine  Feeding. 

15.  Larkspur  Poisoning  of  Sheep. 

16.  Fourth  Annual  Report. 

17.  An  Army  Cut  Worm — The  Grain  Aphis. 

18.  The  Alkali  Soils  of  Montana. 

19.  The  Sugar  Beet  in  Montana. 

20.  Fifth  Annual  Report. 

*  21.  Sheep  Feeding. 

22.  Thirteen  Botanical  Subjects. 

*  23.  Injurious  Fruit  Insects;  Insecticides;  Insecticide  Appar- 

atus. 

*  24.  Sixth  Annual  Report. 

*  25.  Paris  Green,  and  London  Purple. 

*  26.  Poultry  raising. 

*  27.  Live  Stock  Feeding  Tests,  Beef  Cattle,  Lambs  and  Swine. 
28.  Seventh  Annual  Report. 

*  29.  Quantity  of  Water  Used  in  Irrigation. 
30.  Weeds  of  Montana. 

*  31.  Report  of  Grazing  and    Feeding  Tests,  Beef  Cattle  and 

Lambs. 

32.  Eighth  Annual  Report. 

33.  Sugar  Beets  in  Montana. 

34.  Farmers'  Weirs. 

35.  Report  of  Feeding  Tests. 

36.  Forage  Conditions  in  Central  Montana. 

37.  Pork  Production  in  Montana. 

38.  Food  Adulterations. 

39.  Sheep  Feeding  in  Montana. 

40.  Root  Crops  in  Montana. 

41.  Sugar  Beets,  (1902). 

42.  The  Codling  Moth. 
Ninth  Annual  Report. 

43.  The  Duty  of  Water. 

44.  Apple  Growing  in  Montana. 

45.  The  Loco,  and  Some  Other  Poisonous  Plants  in  Montana. 

46.  Two  Insect  Pests. 

47.  Sheep  Feeding. 

48.  Steer  Feeding. 

49.  Contageous  Abortion  in  Montana.  , 
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50.  Poultry  Management  and  Poultry  Diseases. 

51.  First  Annual  Report  of  the  State  Entomologist. 
Tenth  Annual  Report. 

52.  Sugar  Beets. 

53.  Creameries  and  Cheese  factories. 

54.  The  Alkali  Soils  of  Montana. 

55.  Second  Annual  Report  of  the  State  Entomologist. 
Eleventh  Annual  Report. 

*Out  of  Print. 


DONATIONS  &  LOANS. 


John  Forsythe,  Bigtimber.      3  Sheep  for  loco  experiments 

Van  Cleve  &  Scarlett,  Melville.       Loaned  fence  posts,  tools  and 

camp  outfit  and  donated  use  of  horse  and  buggy  and  hoard  and 

lodging  for  one  man  three  months  to  Chemical  Department. 
Bureau  of  Plant  Industry,  U.  S.  Department  of  Agricultuie.    50  lbs. 

Kleinwanzlebener  sugar  beet  seed. 
Cyphers  Incubator  Co,,  i,  No.  2  incubator. 

Peter  Koch,  Bozeman.    About  100  specimens  flora  from  Califurnia, 
Miss  Millie  M.  Smith,  Forsyth.      About  75  specimens  flora.  ^ 

Mrs.  H.  F.  Henshall,  Bozeman.      50  specimens  flora. 
Mrs.  E.  W.  Scheuber,  Livingston.      Specimens  flora.  ; 

University  of  Nevada,  150  species  for  exchange.  . .  '"'- 

Royal  Botanic  Garden,  Sibpur,  India.     About  200  species;  for  ex*- 

change. 
W.  Atlee  Burpee  &  Co.,  Philadelphia.    Flower  and  garden  seeds. 
Oscar  H.  Will.  Bismark,  N.  D.     Sweet  corn  seed. 
Prof.  B.  D.  Halstead,  New  Brunswick,  N.  J.    Sweet  corn  seed. 
Northrup  King  &  Co.,  Minneapolis,  Minn.    Sweet  corn  seed. 
C  C.  Willis,  Plains,  Mont.     Sweet  corn  seed. 
J.  C.  Teas  &  Son,  Carthage  Wis..    40  plants  of  hardy  flowering  trees. 

&  shrubs. 
M.  Dode,  Paris,  France.    Ulmus  Montana  seed. 
W.  B.  Otwell,  Carlinville,  111.     i  package  tree  paint. 
W.  Warnock,  Independence,  Mo.     i  gallon  tree  paint. 
Wm.  Robinson,  Bowling  Green  Mo,     i  package  tree  paint. 
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EXCHANGE  LIST. 


Agricultural  Advertising,  Chicago,  Illinois. 

American  Fancier,  Johnstown,  New  York. 

American  Hay,  Flour  and  Feed  Journal,  Milwaukee,  Wisconsin, 

American  Poultry  Advocate,  Syracuse,  New  York. 

Avant  Courier,  Bozeman,  Montana. 

Beet  Sugar  Gazette,  Chicago,  Illinois. 

Bigtimber  Pioneer,  Bigtimber,  Montana. 

Billings  Times,  Billings,  Montana. 

Bozeman  Chronicle,  Bozeman,  Montana. 

Business  Farmer,  Peoria,  Illinois. 

Butchers'  Advocate,  New  York,  New  York. 

Butte  Inter  Mountain,  Butte,  Montana. 

Chicago  Daily  Drovers*  Journal,  Chicago,  Illinois. 

Chicago  Livestock  World,  Chicago,  Illinois. 

Chicago  Markets,  Chicago,  Illinois. 

Chinook  Opinion,  Chinook,  Montana. 

Coleman's  Rural  World,  St.  Louis,  Missouri. 

Country  Gentleman,  Albanv,  New  York. 

Daily  Independent,  Helena,  Montana. 

Dairy  and  Produce  Review,  San  Francisco,  California,     i 

Desert  Farmer,  Provo,  Utah. 

Dillon  Examiner,  Dillon,  Montana. 

Dillon  Tribune,  Dillon,  Montana. 

Farmer's  Advocate,  Winnepeg,  Manitoba. 

Farmer  &  Breeder,  Sioux  City,  Iowa. 

Farmer's  Guide,  Huntington,  Indiana. 

Farmers  Review,  Chicago,  Illinois. 

Farmer's  Tribune,  Sioux  City,  Iowa. 

Farmer,  St.  Paul,  Minnesota. 

Farm  Home,  Springfield,  Illinois. 

Fariii  News,  Springfield,  Ohio. 
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Farm,  Stock  and  Home,  Minneapolis,  Minnesota. 
Farm  Poultry,  Des  Moines,  Iowa. 
Feather,  Washington,  D.  C. 

Furrow,  ^ 

Gallatin  County  Republican,  Bozeman,  Montana. 
Gallatin  Farmer  &  Stockman,  Belgrade*,  Montana. 
Gem  State  Rural,  Caldwell,  Idaho. 
Gleanings  in  Bee  Culture,  Medina,  Ohio. 
Clendive  Independent,  Glendive,  Montana. 
Great  Falls  Weekly,  Great  Falls,  Monlaia. 
Home  and  Farm,  Louisville,  Ky. 
Homestead,  Des  Moines,  Iowa. 
Independent,  Miles  City,  Montana. 
Irrigation  Age,  Chicago,  Illinois. 

Jersey  Bulletin,  Indianapolis,  Indiana.  • 

Kansas  Farmer,  Topeka,  Kansas. 
Kimball's  Dairy  Farmer,  Waterloo,  Iowa. 
I  livestock  &  Dairy  Journal,  Fresno,  California. 
Livingston  Post,  Livingston,  Montana. 
Madison  County  Monitor,  Twin  Bridges,  Montana. 
Madisonian,  Virginia  City,  Montana. 
Metropolitan  Rural  Home,  New  York,  New  York. 
Milwaukee  Weekly  Journal,  Milwaukee,  Wisconsin.  ' 

Montana  Stockman  &  Farmer,  Helena,  Montana. 
National  Farmer  &  Stockgrcwer,  St.  Louis,  Missouri. 
National  Farmer,  Winona,  Minnesota. 
Nebraska  Farmer,  Omaha,  Nebraska. 
New  York  Tribune  Farmer,  New  York,  New  York. 
Northwest  Tribune,  Stevcnsville,  Montana. 
Orange  Judd  Farmer,  Chicago,  Illinois. 
Oregon  Agriculturist,  Portland,  Oregon. 

Pacific  Fruit  World,  Lcs  Angeles,  California.  "^ 

Pacific  Poultry  man.  Tacoma,  Washington. 
Park,  Cemetery  and  Landscape  Gardening,  Chicago,  Illinois- 
Plainsman,  Plains,  ^lontana. 
Poultry  Standard,  Stamford,  Connecticut. 
Prairie  Farmer,  Chicago,  Illinois. 

Rocky  Mountain  Husbandman,  Great  Falls,  Montana. 
Republic,  St.  Louis,  Missouri. 
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"Rural  New  Yorker,  New  York,  New  York. 

Rural  Spirit,  Portland,  Oregon. 

Semi-weekly  Missoulian,  Missoula,  Montana. 

Southwestern  Farmer  &  Breeder,  North  Fort  Worth,  Texar, 
.•Stockgrowers'  Journal,  Miles  City,  Montana. 
'Tribune  Review,  Butte,  Montana. 

Wallace's  Farmer,  Des  Moines,  Iowa. 

Weekly  Chronicle,  San  Francisco,  California. 
*  Western  News,  Libby,  Montana. 
"World,  Vancouver,  British  Columbia. 

Yellowstone  News,  Mondak,  Montana. 
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THE  AGRICULTURAL  DEPARTMENT. 


F.  B.  LINFIELD,  Agriculturist. 


The  report  of  the  Agricultural  Department  is  divided  into 
lour  sub-heads,  viz;  Animal  Industry,  Dairying,  Agronomy,  and 
Poultry  as  each  of  these  divisions  have  been  in  charge  of  different 
men.  Previous  to  this  year  the  work  of  the  Agricultural  Depart- 
ment was  under  the  charge  of  one  man.  At  the  beginning  of  the 
year  the  dairy  work  was  transferred  to  Mr.  W.  J.  Elliott  as  Assistant 
m  Dairying  with  immediate  charge  of  the  dairy  work.  In  the 
spring  Mr.  A.  Atkinson  was  engaged  to  take  charge  of  the  field  crop 
work  as  Assistant  Agronomist.  Later  in  the  season  Mr.  James  Dry- 
den  was  engaged  to  take  charge  of  the  poultry  and  as  assistant  in 
the  Director's  office.  As  each  man  had  charge  of  a  separate  divi- 
sion of  the  work  each  will  make  a  report  for  that  division. 

THE   NEW   FARM    BUILDINGS. 

The  State  Legislature  of  1903  appropriated  funds  for  two  farm 
buildings  for  the  agricultural  work  of  the  College  and  Station.  Three 
thousand  dollars  was  made  available  during  the  summer  of  1903 
and  was  used  in  the  construction  of  a  seed  barn  for  the  storage  of 
our  farm  and  experimental  grains  and  seeds.  Thirteen  thousand 
dollars  became  available  in  the  spring  of  1904  and  was  used  in  the 
construction  of  a  cattle  barn.  A  brief  description  of  these  buildings 
with  plans  and  illustrations  is  given  in  this  report.  Accompanying 
this  also  is  a  description  of  the  new  dairy  building  finished  two  years 
ago. 

It  is  well,  perhaps,  to  bear  in  mind  that  these  buildings  are  more 
than  is  ordinarily  understood  by  such  buildings  on  the  farm.  In 
addition  to  the  use  to  be  made  of  them  as  designated  by  their 
names,  they  are  also  laboratories  for  our  college  work  with  students 
and  for  the  experimental  work.  For  this  reason  larger  and  more 
Toomy  buildings  are  needed  than  would  be  required  by  the  average 


204  MONTANA   EXPERIMENT  STATION 

farmer.      There  must  be  ample  room  to  get  around  freely  and  so 
passage  ways  and  storage  room  must  be  ample. 

The  buildings  are  substantially  built  and  neatly  finished.  Our 
claim  is  that  these  laboratories  for  our  agricultural  work  should  be  as 
well  constructed  and  should  look  as  well  as  the  laboratories  for  anv 
other  department. 

THE  CATTLE  BARN. 

The  cattle  barn  is  the  largest  of  the  three  structures.  It  con- 
sists of  a  main  building  facing  the  north  84  feet  by  40  feet  with  two 
wings  running  to  the  south  each  72  feet  by  35  feet.  Between  these 
two  wings  there  is  a  room  40  feet  by  40  feet. 

The  main  barn  is  two  stories  high  with  a  basement  25  feet  by 
40  feet  under  the  middle  of  the  barn.  This  basement  is  used  for 
the  storage  of  roots.  The  first  floor  of  the  barn  is  used  for  box 
stalls,  grain  storage,  and  feed  rooms.  The  second  story  is  used  for 
a  hay  loft.  The  gamble  roof  and  the  truss  supports  give  very  large 
storage  capacity  in  this  loft,  which  is  40  x  84  feet  and  32  feet  to  the 
track  with  not  a  beam  across.  This  loft  will  hold  150  to  165  tons 
of  hay. 

The  east  wing  of  the  barn  is  used  for  the  milk  cows  and  breed- 
ing stock.  There  is  room  for  38  cows.  The  stable  has  a  cement 
floor  and  cement  wainscotting  four  feet  high  all  around  the  building. 
The  building  is  double  boarded  both  outside  and  in  and  ceiled 
overhead.  The  "Drown''  iron  stalls  are  used  in  this  wing.  The 
loft  is  floored  and  used  for  storing  the  bedding. 

The  west  wing  is  also  72  x  35  feet  and  is  finished  the  same  as 
the  east  wing  but  is  fitted  with  iron  box  stalls  for  the  accommoda- 
tion of  calves,  young  stock  and  bulls.  This  wing  will  accommodate 
40  head  of  animals  of  all  sizes. 

Between  the  two  stable  wings  is  a  class  room  40  x  40  feet  used 
for  student  work  in  handling  and  judging  live  stock.  In  this  room 
are  the  scales  for  weighing  the  cattle. 

The  ground  plan  and  section  of  the  bam  will  give  a  clear  idea 
of  the  arrangement  and  construction  while  the  illustrations  of  the 
front  and  rear  view  show  well  the  architectural  featur-.»s  of  the 
building  which  we  owe  to  the  architect,  Mr.  C.  S.  j-faire. 

THE  SEED  BARN. 

The  seed  bam  is  36  by  64  feet  and  a  storv  and  a  half  high.      It 


ANNUAL    REPORT  205 

too  has  a  gamble  roof  which  adds  materially  to  the  storage  capacity 
of  the  second  story. 

There  is  a  driveway  14  feet  wide  icross  this  building.  On  the 
jlist  story  one  side  is  used  for  th:-  sl»)r<\iL;e  of  grain  from  the  small 
-experiment  plots,  while  on  the  other  side  is  stored  the  grain  from  the 
larger  plots.  On  the  second  story  one  side  is  used  for  the  storage 
cf  sample  sheaves  of  grain,  etc.,  and  the  other  side  for  the  storage 
of  the  field  crops. 

The  illustration  shows  the  north  front  of  this  building. 

THE  DAIRY  BUILDING. 

The  dairy  building  is  a  story  and  a  half  structure  facing  to  the 
north  40  feet  by  28  feet  with  a  one  story  wing  20  feet  by  40  feet. 
In  one  corner  is- a  small  basement  cellar  used  for  the  curing  of 
cheese.       The    first    floor   is    used   for   butter   and    cheese    makin'j 

• 

rooms,  w^hich  takes  one  side  of  the  building  16  by  40  feet.  Along 
the  other  side  are  four  small  rooms  10  x  11  feet,  one  for  a  milk  cool- 
iiij^  room,  cne  for  a  pasteurizing  room,  one  a  storage  room,  and  one 
lor  an  office.  The  wing  on  the  buildin'.^  consists  of  three  rooms, 
i.^t  an  engine  and  boiler  room,  2nd  a  fuel  room  and  next  an  ice  hoMse 
Avith  accommodations  for  50  tons  of  ice. 

The  second  story  of  the  dairy  has  two  rooms,  one  used  as  a  class 
room  and  the  other  as  a  testing  laboratory. 

The  equipment  of  the  building  consists  of  4  separators,  i  milk, 
^nd  I  cream  vat.  Two  combined  churns  and  buttermakers,  2  cheese 
vats  and  2  cheese  presses  and  four  Babcock  testers,  besides  the  num- 
erous other  smaller  articles  needed  in  the  dairy  work.  The  demands 
for  this  work  have  been  such  that  alreadv  the  building-  is  too  smali 
for  our  needs;  and  if  the  demand  keeps  up  the  capacity  of  the  build- 
ing will  have  to  be  enlarged.  The  illustration  show's  the  no^th 
front  of  the  building. 


ANIMAL  INDUSTRY  DIVISION. 


F.  B.  LIXFIELD. 


The  Animal  Industry  Department  has  continued  the   feeding 
'experiments  during  the  winter  season  with  a  car  load  each  of  sheep 
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and  steers.  Feeding  tests  have  also  been  undertaken  with  hogs,  and 
a  study  of  the  records  and  feeding  of  the  dairy  herd  has  been  com- 
menced. No  definite  experiments  with  the  cows  were  undertaken 
as,  early  in  the  year,  the  herd  was  too  small  for  such  work ;  and  of  the 
cattle  purchased  later  in  the  season  we  had  no  records  upon  which 
to  base  a  correct  division  of  the  herd  for  a  test. 

The  results  of  the  feeding  experiments  with  steers,  sbcei  ,  and 
hogs  carried  on  for  the  past  season  will  be  reported,  with  those  of 
the  coming  winter,  during  the  next  year. 


DAIRY  DIVISION. 


W.  J.  ELLIOTT,  Assistant  Dairyman. 

Never  before  has  the  prospect  for  creamery  buildi'.itr  '"•ccn  so 
pro'nising  in  Montana  as  at  the  present  time.  Last  sc.ison  some 
e^i  lit  creameries  were  organized  and  erected.  Some  of  these  \M.rc 
built  by  creamery  promoters,  who,  if  our  information  was  correct, 
charged  from  $1,000.00  to  $1,500.00  too  much  for  the  plants.  Nei- 
ther the  buildings  nor  the  equipment  would  warrent  the  exorbitant 
prices  that  were  charged.  This  led  to  the  publication  of  a  bulletin 
by  the  department  on  the  organization,  building,  equipment,  and 
management  of  creameries  and  cheese  factories.  This  bulletin  gave 
the  exact  list  of  all  the  machinery  and  equipment  that  was  necessa- 
ry for  such  a  building.  Some  5,000  copies  of  this  bulletin  were  pub- 
lished. These  were  particularly  for  distribution  in  Montana  and 
for  the  Experiment  Stations  of  the  United  States,  but  numerous 
copies  were  asked  for  by  individuals  in  other  states. 

We  have  definite  knowledge  that  the  bulletin  has  been  of  mater- 
ial value,  because  in  a  number  of  instances  contracts,  that  were  al- 
ready practically  closed  by  creamery  promoters,  have  been  cancelled 
rnd  the  creamery  association  has  adopted  the  plans  outlined  in  the 
Station  bulletin.  This  was  particularly  so  at  Chinook  where  they 
later  adopted  our  plans  and  have  now  one  of  the  best  equipped 
creameries  in  the  state.  The  plant  was  built  for  $1,000.00  less  than 
the  promoters  figures  and  contains  about  $500.00  more  in  larger 
bize  and  extra  machinery.      The  supervision  of  the  building  01  this 
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creamery,  with  its  ice  house,  was  carried  on  by  correspondence  from 
the  Station. 

During  the  year  numerous  articles  were  published  in  nearly 
every  newspaper  in  the  state,  advising  the  farmers  to  look  carefully 
into  any  plans  that  might  be  submitted  to  them  and  telling  just  what 
an  up-to-date  creamery  could  be  built  for. 

During  the  year  special  calls  for  assistance  have  come  into  the 
Dairy  Division  from  Townsend,  Clyde  Park,  Dillon,  Miles  City 
5nd  Crow  Creek.  These  calls  were  all  relative  to  the  starting  or  or- 
ganization of  creameries. 

The  advantage  of  organizing  creameries  wherever  the  number  of 
cows  warranted  it  has  also  been  discussed  at  many  of  the  Farmers' 
Institutes,  and  we  feel  that  quite  a  stimulus  has  been  given  along 
these  lines,  and  that  more  than  ever  are  the  people  of  this  state 
awakening  to  the  financial  opportunities  offered  by  the  home  mar- 
ket  for  butter  and  cheese,  and  to  the  profits  to  be  made  by  a  system 
of  dairy  farming. 

THE   DAIRY   HERD   RECORD. 

To  find  out  exactly  what  a  herd  of  ordinary  dairy  cows  in  Mon- 
tana would  produce,  25  cows  were  purchased  from  the  farmers  of 
Gallatin  Valley  and  are  now  kept  on  the  Station  farm.  A  complete 
daily  record  of  the  milk  produced  by  each  animal  is  kept,  and  also  a 
weekly  record  of  the  tests  of  their  milk.  A  record  of  the  food  consum- 
ed by  each  animal  has  also  been  kept.  Thus  we  know 
exactly  what  it  takes  to  keep  each  cow  during  the  year,  and  what 
they  are  returning  in  butter  and  cheese.  Instead  of  selling  the 
hay  and  grain  upon  the  market  we  sell  them  to  the  cow,  charging  her 
with  the  hay  at  $5.00  per  ton,  and  with  crushed  oats  and  barley  at 
$1.00  per  hundred  lbs.  Our  idea  is  to  find  out  definitely  whether 
it  pays  to  feed  the  hay  and  grain  to  the  cow.  This  experiment, 
though  it  has  been  under  way  for  only  one  year  and  that  with  but  a 
few  of  the  cows  (as  most  of  the  cows  were  purchased  late  in  the 
fall  and  for  these  we  have  not  the  complete  year's  record,)  has 
brought  out  some  facts  very  clearly.  The  first  one  is  that  from 
an  average  herd  of  Montana  milch  cows  we  have  realized  $2.00  for 
every  $1.00  worth  of  feed  we  have  given  to  the  animals.  In  other 
w^ords  by  feeding  our  grain  and  hay  to  an  ordinary  herd  of  Montana 
grade  milch  cows,  we  have  realized  $10.00  per  ton  for  our  hay  and 
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t?2.oo  per  hundred  pounds  for  the  grain  fed,  and  this  without  count- 
ing the  calf  that  the  cow  has  reared,  nor  the  skim  milk,  nor  the  man- 
urial  value  which  has  been  returned  to  the  farm.  The  calf,  the 
skim  milk,  and  the  manure  will  practically  pay  for  the  labor  and 
attention  required  to  look  after  the  cow. 

Another  point  that  this  experiment  illustrated  is  that  there 
is  a  vast  difference  in  cows  as  milkers,  and  consequently  as  money 
makers.  Some  pay  a  handsome  profit  on  their  feed  and  some  do 
not  pay  for  their  keep.  We  submit  a  table  of  a  few  of  the  ani- 
mals  to  show  this  fact. 


TABLE  SHOWING  THE  YEARLY  PRODUCE  RECORD  OF 
SIX  OF  THE  STATION  DAIRY  COWS. 
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From  this  table  it  will  be  seen  that  cows  differ  greatly.  The 
cow  named  Rosie  was  bought  with  a  herd  of  lo  others  from  one  man. 
She  was  kept  for  only  seven  months  and  demonstrated  very  clearly 
that  not  alone  was  she  not  paying  for  her  keep,  but  she  was  eating 
up  part  of  the  profit  from  the  rest  of  the  herd.  We  insert  her  record 
for  the  seven  months  to  show  how  a  cow,  which  otherwise  looked 
as  though  she  might  be  a  fair  milker,  would  deceive  a  person  who  did 
not  keep  a  strict  record  of  her  performance.  It  will  also  be  seen 
that  several  of  the  cows  have  made  a  splendid  net  profit  over  the 
cost  of  their  feed.  There  is  an  excellent  field  in  Montana  to  improve 
the  dair>^  herds  simply  by  weeding  out  those  that  are  not  paying. 
This  can  very  easily  be  done  with  a  hand  Babcock  tester  which 
may  be  bought  for  $5.00,  and  a  pair  of  small  scales. 

Another  interesting  fact  shown  by  this  test  is  the  great  d:  (Ter- 
ence between  the  per-cent  of  fat  in  the  morning's  and  evening's 
milk.  The  morning's  milk  is  generally  the  richer,  sometimes  by  as 
much  as  i  per  cent  butter  fat.  Another  thing  is  the  difference  in 
the  percent  of  fat  from  one  day  to  the  other  from  the  same  cow, 
kept  as  nearly  as  possible  under  the  same  conditions.      This  varia- 
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tion  is  largely  a  peculiarity  of  the  cow  herself,  and  not  something 
under  the  control  of  the  manager. 

We  have  not  been  able  to  conduct  any  experiments  in  the  Sta- 
tion Creamery  owing  to  the  lack  of  proper  facilities  and  room, 
hut  during  the  coming  year  we  plan  to  conduct  experiments  to  study 
the  influence  of  food  upon  the  flavor  of  butter  and  cheese  and  on  the 
churning  temperature  of  cream. 

Besides  the  above,  correspondence  of  the  year,  from  all  parts 
of  the  state,  has  been  large.  Some  500  letters  have  been  received 
and  answered.  This  correspondence  was  principally  along  the 
dairy  lines  of  agricultural  work.  A  large  number  of  inquiries 
have  been  about  hand  seperators.  Some  have  written  asking  about 
the  value  of  skim  milk  for  feed,  and  others  regarding  cures  for 
scours  in  calves  which  seem  to  be  very  prevalent  at  times  and  is 
not  confined  to  any  one  particular  district,  but  occurs  in  several 
different  counties.  The  large  majority  of  inquiries,  however,  were 
about  the  building  and  equipping  of  creameries  and  dairies  and 
regarding  the  number  of  cows  needed  to  warrant  the  establishment 
of  such  plants. 


AGRONOMY  DIVISION. 


ALFRED  ATKINSON,  Agronomiat. 


VARIETY  TESTS  OF  GRAIN. 

Several  lines  of  investigation  are  being  followed  by  this  division 
of  the  Experiment  Station  work.  Of  these,  the  two  most  important 
are;  the  testing  of  varieties  of  grain,  grass,  clover,  roots,  and  po- 
tatoes; and  experiments  to  determine  the  duty  of  water  in  crop 
growth,  which  are  being  carried  on  in  co-operation  with  the  Irriga- 
tion Department.  It  is  the  plan,  at  this  time,  to  report  the  results 
of  variety  tests  in  wheat,  oats  and  barley  for  the  past  five  years. 

Variety  tests  of  grain  have  been  conducted  at  this  Station  for 
the  past  ten  years,  and  though  in  many  instances  the  data  accumula- 
ted is  too  scant  to  point  to  definite  conclusions,  yet  full  records  of 
the  varieties  tested  during  the  years,  1900,  1901,  1902,  1903  and  1904 
are  at  hand. 

In  addition  to  the  23  varieties  of  wheat,  16  varities  of  barley 
and  14  varities  of  oats  included  in  this  report,  105  varieties  of  wheat. 
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28  varieties  of  barley,  84  varieties  of  oats,  as  well  as  varieties  of  peas 
clover,  grass,  roots  and  potatoes  have  been  grown  since  1894. 

The  results  of  mapy  of  the  above  mentioned  tests  appear  in 
previously  published  reports  of  the  Experiment  Station.  In  the 
case  of  a  few  very  inferior  varieties  the  results  have  never  beet> 
published. 

The  tests  are  conducted  on  plots  one  sixtieth  of  an  acre  in  size 
Land  that  is  as  near  uniform  as  it  is  possible  to  get  it  is  chosen. 
The  same  preparation  and  care  throughout  the  growing  season  is 
given  to  each  plot  so  that  any  superiority  or  inferiority  indicated 
by  the  returns  is  wholly  due  to  the  variety  difference. 

While  the  yields  in  some  cases  are  higher  than  those  obtained 
in  regular  farm  practice,  yet  it  will  be  remembered  that  these  are 
comparative,  and  are  of  as  great  value  as  though  the  tests  were 
conducted  on  larger  areas. 

VARIETY  TESTS  OF  SPRING  WHEAT. 


Varletj  Tests  of  Spring 
Wheat. 
Name* 


1.  Kubanka 

2.  Glyndon  692 

3.  Glyndon  650 

4.  Glyndon  715 

5.  Rusian  2955 

6.  Bart  Tremenia 

7.  Glyndon  678 

8.  Glyndon  768 

9.  Pringles  Champion..' 

10.  Glyndon  675 

11.  Glyndon  774 

12.  Wild  Goose 

13.  Boulton's  Blue  Stem. . 

14.  Bedford's  Hungarian. 

15.  Glyndon  135 

16.  Glyndon  673 

17.  Wellman   Fife 

18.  McKiBSOck's  Fife 

19.  Red  Fife....; 

20.  Glyndon  661 

21.  Velvet  Chaff... 

22.  Golden  Drop 

23.  Blount's   Hybrid 
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Macaroni,  hard. 
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Bald 

Red,  hard,  good  milling. 

58.7 

59.2 
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Bald 

Red,  hard,  good  milling. 

5G.8 

60.9 

125 

Bald 

Red,  hard,  good  milling. 
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61.1 
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Bearded 

Red,  hard,  good  milling. 
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61.9 

120 

Bearded 

Red,  medium  hard. 

54.0 

60.0 

123 

Bald 

Red,  medium  hard  millings 

53.1 

60.2 

127 

Bald 

Red,  medium  hard  milling. 

52.9 

60.4 

120 

Bearded 

Red,  hard,  good  milling. 

52.7 

60.1 

125 

Bald 

Red,  medium  hard  milling.. 

52.7 

59.9 

125 

Bald 

Red,  medium  hard  milling. 

52.2 

62.4 

126 

Bearded 

Macaroni,  hard. 

51  .8 

58.2 

127 

Bald 

Red,  medium  poor  milling. 

5i.7 

59.9 

123 

Bald 

Red,  medium  hard  millings 

51.5 

59.2 

125 

Bald 

Red,  medium  hard  milling. 

51.0 

60.1 

126 

Bald 

Red,  mcklium  hard  milling. 

50.8 

59.1 

124 

Bald 

Red,  soft. 

50.4 

(iO.4 
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Bald 

Red,' medium  hard  milling. 

50.0 

61.3 

127 

Bald 

Red,  extra  hard  milling. 

48.3 

58.3 

123 

Bald 

Red,  hard,  good  milling. 

45.9 

58.9 

126 

Bald 

Red,  soft. 

45.1 

49.1 

122 

Bald 

Red,  medium  hard  milling. 

38.4 

60.6 

125 

Bearded 

Red,  medium  hard  milling.. 

In  reviewing  the  foregoing  table  it  will  be  noticed  that  the  Ku- 
banka,  one  of  the  durum  or  Macoroni  varieties,  gave  the  highest 
yield.  In  the  last  few  years  the  Department  of  Agriculture,  Wash- 
ington, D.  C.  has  imported  a  large  number  of  varieties  of  this  wheat 
from  Europe.  As  a  result  of  their  environment,  in  that  country, 
they  are  especially  valuable  under  conditions  of  scant  precipitation, 
but  as  these  tests  were  conducted  under  a  system  of  irrigation  it  is 
evident  that  some  of  them  give  good  returns  even  when  there  is 
abundant  moisture  present. 

The  grain  of  nearly  all  the  macaroni  varieties  is  larger  than  the 
ordinary  American  grown  spring  wheat,  and  is  very  hard.  They 
are  called  macaroni  wheats  because  a  great  deal  is  used  by  Italian 
dealers  in  the  manufacture  of  macaroni.  It  is  the  intention  to  sow 
a  number  of  acres  of  the  Kubanka  on  the  Station  farm  this  com- 
ing season. 

Following  the  Kubanka,  the  Glyndons  692,  650  and  715  come 
second,  third  and  fourth  in  point  of  yield.  These  varieties  were 
first  grown  at  the  Minnesota  Experiment  Station,  and  have  proven 
themselves  superior  as  milling  varieties. 

The  determinations  as  to  the  value  of  the  different  varieties  for 

milling  purposes  were  made  by  Prof.  R.  S.  Shaw,  for  a  number  of 

years  Agriculturist  at  this  Station. 

VARIETY  TESTS  OF  BARLEY. 


Variety  Barley  Tests. 
Name. 


1.  New  Zealand 

•2.  No.  5590 

3.  Mandscheurl 

4.  Calif.  Prolific 

5.  Italian 

6.  Manhattan 

7.  Improved  Cheyenne.,. 

8.  Chevalier 

9.  Guy  Male 

10.  Champion 

11.  Del  Norte 

12.  Golden  Thorp 

13.  Kinna  Kulla 

14.  Nephant 

15.  Hungarian 

16.  Berkeley 
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•Four  years  results  only. 
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The  New  Zealand  barley  has  given  uniformly  good  results  through- 
out the  years  grown.  As  a  result  of  brewing  tests  conducted  by 
Prof.  Shaw,  and  reported  in  the  Experiment  Station  Report  for  1902, 
it  is  shown  that  this  variety  is  excellent  as  a  brewing  barley.  Wc 
hope  to  have  this  seed  for  distribution  after  next  season. 

The  No.  5590  which  gives  the  second  largest  yield  was  received 
from  the  Department  of  Agriculture,  Washington,  D.  C,  and  sown 
for  the  first  time  in  1901.     It  is  a  variety  that  promises  well. 

VARIETY  TESTS  OF  OATS. 


Variety   Oat  Tests. 
Name. 


Average  results  of  the  Years. 

1900,  1901,  1902,  1903,  1904. 


Bushels 
per 
acre 


Weight  per 
bushel, 
pounds 


Days  re- 
quired to 
mature 


1.  Progress 1^3   5 

2.  Wide  Awake 121.6 

3.  Improved  American 120 . 3 

4.  Mogheda. ; 117.2 

5.  White  Swede 113.8 

6.  American  White 113  . 6 

7.  Bland's  White 113.1 

8.  White  Danish 111.9 

9.  American  Beauty 110.5 

10.  Archangle 110  . 4 

11.  Scotch 110.1 

12.  Great  Northern 109  . 4 

13.  Badger  Queen 106  . 4 

14.  Victoria 101.0 


41.6 
41.9 
39.6 
40.7 
39.4 
42.4 
40.6 
41.1 
40.6 
41.5 
41.5 
40.5 
44.5 
42.8 


118 
117 
117 
120 
117 
122 
122 
118 
118 
120 
120 
116 
117 
110 


In  looking  over  the  varieties  of  oats  reported  in  the  foregoing 
table,  it  will  be  noticed  that  some  of  the  varieties  commonly 
known  throughout  the  State  are  not  included  amongst  those  reported. 
Of  these,  possibly  the  Swedish  Select,  which  gave  the  highest  yield 
of  all  the  varieties  grown  for  the  years  1899,  1900,  and  1901,  is  the 
one  most  popularly  known.  Unfortunately  this  variety  was  not 
included  in  the  plot  tests  of  1902,  and  therefore,  cannot  be  included 
in  foregoing  list.  The  Swedish  Select  has  been  grown  in  large  quan- 
quantities  at  the  Experiment  Station  for  a  number  of  years,  and  large 
quantities  have  been  distributed.  It  has  proven  itself  one  of  the  very 
best  varieties  for  this  state.  In  the  plot  tests  of  1904,  the  Swedish 
Select  yielded  133.4  bushels  per  acre. 

The  Amerisan  Banner  is  another  commonly  known  variety  not 
included  in  this  year's  report. 

THE  FIELD  CROPS. 

Inasmuch  as  the  crop  growing  on  the  Experiment  Station  farm 
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is  under  the  supervision  of  this  department,  a  report  of  the  season's 
crop  is  herewith  presented : 

The  Station  farm  consists  of  i6o  acres,  but  is  not  all  available 
for  the  production  of  farm  crops.  Some  land  is  occupied  by  build- 
ign  sites  and  feed  yards.  A  portion  is  used  by  the  Horticultural  de- 
partment. Upwards  of  ten  acres  consists  of  seepy  land  too  wet  to 
cultivate,  while  a  few  acres  comprise  a  rocky  draw.  The  area  of 
this  so-called  waste  land  is  being  reduced  each  year  as  fast  as  the 
means  to  reclaim  it  become  available. 

During  the  summer  of  1904,  116.53  acres  of  the  Station  farm 
were  used  in  the  production  of  farm  crops.  This  includes  21.57  ^^ 
voted  to  the  plot  test  work  from  which  no  immediate  monetary  re- 
turns accrue.  On  the  remaining  94.96  acres  the  following  crops  were 
grown :  Hay  56.96  acres,  oats  20  acres,  barley  10  acres,  spring  wheat 
5  acres  and  peas  3  acres. 

The  total  yield  of  farm  crops  secured  from  the  94.96  acres  is  as 

follows : 

CEREALS. 

Oats 1423  bushels. 

Barley , 643  bushels 

Wheat   304  bushels 

Peas  130  bushels 

Total    2500  bushels 

HAY. 

First  Cutting,  Clover 120.18  tons. 

Second  Cutting,  Clover 103.40  tons. 

STRAW. 

Oat    3514   tons. 

Wheat   12.16  tons. 

Barley   19.24  tons. 

Pea  7.43  tons. 

Total    73.97  tons. 

The  following  shows  the  average  yield  per  acre    of  the  various 
crops : 
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CEREALS. 

Oats,  20  acre  yield  1423  bushels.     Average  71.15  bushels. 
Barley,  10  acre  yield    643  bushels.  Average  64.30  bushels. 
Wheat,    5  acre  yield    304  bushels.  Average  60.80  bushels. 
Peas,    3  acre  yield    130  bushels.      Average  43.33  bushels. 

HAY. 

Clover,  56.96  acres  yield  223.58  tons.    Average  3.93  tons. 

STRAW. 

Oat  20  acre  yield  35.14  tons.     Average  1.76  tons. 
Barley  10  acres  yield  19.24  tons.     Average  1.92  tons. 
Wheat  5  acres  yield  12.16  tons.     Average  2.43  tons. 
Pea  3  acres  yield  7.43  tons.     Average  2.48  tons. 

Except  in  the  case  of  a  few  varieties  of  grain  sold  for  seed  the 
crops  grown  are  turned  over  to  the  Animal  Husbandry  Department 
for  the  purpose  of  maintaining  the  college  herds  and  flocks,  as  well 
as  for  experimental  feeding  purposes.  While  the  method  of  dispos- 
ing of  farm  crops  "on  the  hoof"  is  the  most  profitable,  it  is  our  in- 
tention to  devote  more  land  in  future  to  the  production  of  the  very 
best  varieties  of  farm  crops  and  thus  be  in  a  position  to  furnish 
these  to  the  growers  over  the  state. 


CO-OPERATIVE  TESTS. 


In  1 901  the  Experiment  Station  established  a  system  of  co-oper- 
ative tests  with  farmers  in  different  parts  of  the  state,  for  the  pur- 
pose of  determining  the  value  of  the  leading  varieties  of  grain,  grass, 
roots  and  potatoes  when  grown  in  different  localities. 

It  has  been  recognized  by  this,  as  well  as  other  Experiment 
Stations,  that  the  varieties  which  lead  in  the  Experiment  Station 
tests'  are  not  always  superior  when  grown  in  different  sections  of 
the  same  state.  The  difference  in  soil  and  climatic  conditions  which 
«xist,  even  within  comparatively  small  areas,  are  sufficient  to  cause 
^narked  differences  in  the  growth  of  the  various  crops. 
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Perhaps  no  other  state  in  the  union  presents  as  great  a  va- 
riety of  crop  conditions  as  does  Montana.  Its  146,000  square  miles 
of  area  places  it  third  largest  amongst  the  states.  In  addition  to  its 
great  area,  its  many  fertile  well  watered  valleys,  separated  by  dry 
bench  lands,  and  rugged  mountain  ranges  go  to  make  a  variety  of 
crop  growing  conditions,  so  that  the  importance  of  local  tests  is 
very  apparent. 

While  variety  differences  in  farm  crops  are  not  the  controlling 
factors  in  establishing  the  merit  or  excellence  of  any  particular  kind 
of  grain  yet  these  differences  are  well  worthy  of  attention.  They  in- 
clude the  points  of  superiorities  gained  by  careful  selection  and 
growing,  or  of  inferiority  that  incorporate  themselves  as  a  result  of 
carelessness  and  neglect.  In  addition,  certain  varieties  have  atcus- 
tomed  themselves  to  certain  environmental  conditions  and  do  much 
better  under  this  particular  environment  than  varieties  not  so  ac- 
climated. 

An  instance  of  this  is^shown  in  the  case  of  the  macaroni  wheats 
This  wheat  was  brought  from  the  dry  sections  of  Europe  and  as  a 
result  of  its  environment  in  that  country  gives  much  better  returns 
in  regions  of  scant  rainfall  than  other  varieties  not  so  acclimated. 

The  Experiment  Station  procures  varieties  from  every  possible 
source,  and  tests  them  on  the  Station  grounds.  Up  to  the  present 
time  128  varieties  of  wheat,  70  varieties  of  oats,  44  varieties  of  bar- 
Icy,  98  varieties  of  potatoes  as  well  as  varieties  of  peas,  grass,  roots, 
and  other  crops  have  been  tested.  After  these  varieties  have  been 
grown  under  identical  conditions  for  a  number  of  years  those  giving 
the  best  returns  are  giown  in  large  amounts  and  the  seed  distributed 
to  farmers  in  different  parts  of  the  state.  In  this  way,  they  are  test- 
ed under  every  condition  of  soil  and  climate,  and  the  varieties  giving 
the  most  profitable  -returns  in  the  different  localities  are  started 
there,  and  can  be  grown  in  quantities  sufficient  to  seed  large  areas. 

During  the  season  of  1902  experiments  were  carried  on  by  farrn- 
ers  on  fifty  farm  located  in  sixteen  different  counties  of  the  state.  Th| 
results  of  this  season's  work  were  such  as  to  warrant  a  continuanclc 
of  the  co-operation.  In  the  spring  of  1903  seed  was  sent  to  204  pe- 
sons  representing  21  counties  of  the  state.  The  replies  received  a^'sa 
result  of  this  showed  a  great  difference  in  the  value  of  the  differ  ent 
grains  under  the  various  local  conditions. 
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Though  no  definite  arrangements  were,  made  for  sending  out 
grain  in  the  spring  of  1904,  upwards  of  100  farmers  applied  to  have 
samples  sent.  In  response  to  these  requests  experimental  material 
was  send  to  84  of  those  who  applied.  Blanks  were  sent  in  order  that 
all  data  might  be  kept  and  returned  to  the  Experiment  Station. 
Many  of  these  reports  have  been  returned,  and  though  the  data  re- 
corded will  not  warrant  a  publication  of  the  comparative  variety  re- 
turns, yet  these  point  out  many  interesting  facts. 

In  addition  to  the  varieties  sent  out  by  the  Experiment  Station 
most  experimenters  put  in  an  extra  plot,  using  the  variety  most  com- 
monly grown  in  the  locality.  In  almost  every  case  the  yield  from 
the  Station  grain  was  much  greater  than  from  the  home  grown  vari- 
ety. This  points  out  clearly  the  importance  of  getting  the  best  vari- 
eties, and  also  shows  the  value  of  the  careful  selection  observed  in 
preparing  the  Station  seeds,  and  the  too  frequently  neglected  in  re- 
gular farm  practice. 

Many  of  the  crops  were  grown  on  the  bench  lands  without  ad- 
ded water.  Under  this  condition  the  early  maturing  varieties  gave 
much  larger  returns  that  the  later  ones.  The  moisture  from  the 
snows  of  the  preceding  winter,  and  from  the  spring  rains  is  availa- 
ble for  plant  growth  in  the  early  part  of  the  season  only,  hence  those 
varieties  which  make  early  growth  give  much  larger  returns  than 
varieties  requiring  a  long  growing  season. 

Though  the  returns  are  not  full  enough  to  permit  of  a  report  on 
the  comparative  value  of  the  varieties  when  g^own  in  the  different 
counties,  yet  the  distribution  of  varieties  that  increase  the  returns 
from  the  farms  of  the  state  is  of  sufficient  value  to  warrant  the  con- 
tinuance of  the  practice. 
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POULTRY  DIVISION. 


TAMES  DRYDEN,  Poultryman. 

The  work  of  the  Poultry  Department  has  been  necessarily  lim- 
ited. The  efforts  have  been  confined  to  preliminary  work  having  in 
view  efficient  experimental  work  and  greater  economy  in  manage- 
ment. Some  repairs  have  been  made  to  the  old  building  and  its  ven- 
tilation improved.  A  hot  water  heater  has  been  put  in  to  heat  the 
laying  house  during  the  cold  nights  of  winter  and  also  to  furnish 
heat  to  the  brooder  section.  A  room  in  the  basement  has  been  fitted 
up  for  incubators.  The  house  intended  for  a  brooder  house  has  been 
completed.  It  is  35  x  14  feet.  It  is  fitted  with  a  hot  pipe  system 
and  it  is  divided  into  seven  pens  5x8  feet,  giving  a  capacity  of  about 
500  chicks. 

Several  pens  of  fowls  have  been  added  to  the  breeding  stock. 
These  include  White  Wyandottes,  Single  Comb  White  Leghorns 
and  Rose  Comb  Brown  Leghorns.  These  fowls  are  selected  with 
much  care  as  to  utility  qualities  and  should  make  a  good  foundation 
of  a  stock  of  heavy  layers  combined  with  exhibition  quality  well 
pronounced.  . 

Most  of  the  pens  have  been  fitted  with  trap  nests  by  means  of 
which  a  record  is  kept  of  the  number  of  eggs  laid  by  each  hen.  With 
more  house  room  and  a  greater  number  of  fowls  more  experimental 
work  could  be  carried  on  and  the  work  done  on  a  more  economical 
basis. 
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BOTANICAL  DEPARTHENT. 


J.  W.  BLANKINSHIP,  Botanist. 

The  greater  part  of  the  year  was  spent  by  the  Botanist  in  the 
East  on  leave-of-absence  and  the  time  thus  placed  at  his  disposal  was 
spent  in  the  study  and  determination  of  the  botanical  collections 
of  the  College  and  Station  at  the  Gray  Herbarium  and  in  the  pre- 
paration of  a  series  of  bulletins  pertaining  to  the  botany  of  Mon- 
tana. A  portion  of  this  time  was  also  employed,  with  your  permis- 
sion, in  the  preparation  of  the  botanical  exhibit  for  the  state  of  Mon- 
tana at  the  Louisiana  Purchase  Exposition  at  St.  Louis,  where  a 
silver  medal  was  awarded  the  collection  of  the  forage  grasses  of  the 
state  in  the  Agricultural  exhibit  and  a  gold  medal  the  collection  of 
the  flora  of  the  state  in  the  Forestry  exhibit  ,  the  latter  collection  go- 
ing to  the  State  Historical  Society  at  Helena,  as  the  nucleus  of  a  State 
Herbarium  in  the  Capitol. 

After  July  the  principal  work  of  the  department  was  in  the 
study  of  the  plant  diseases  of  the  state,  in  the  naming  and  mounting 
of  the  parasitic  plant  disease  material,  which  has  been  steadily  ac- 
cumulating for  several  years  in  the  field  work  over  the  state.  Also, 
with  the  assistance  of  Miss  Lois  M.  Hartman,  a  card  index  has  been 
prepared  of  all  the  collections  of  Fungi  in  our  herbarium,  which  have 
been  mounted  and  arranged,  so  as  to  be  readily  consulted  in  the  plant 
disease  work  of  the  Station.  Besides  the  collections  made  in  this 
state,  we  now  have  the  following  exsiccatse  available  for  use  in  this 
work : 

Ellis  &  Everhart's  '*Fungi  Columbiani,,"  2100  specimens. 

Seymour  &  Earl's  ^'Economic  Fungi,"  550  specimens. 

David  Griffith's  **West  American  Fungi,'*  400  specimens. 

Arthur  &  Holway's  "Uredineae     Exsiccate?     et     Icones,"     164 

specimens  with  several  smaller  collections. 

It  is  hoped  that  during  the  ensuing  year  the  state  collections  may 
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be  materially  extended  and  the  necessary  data  secured  for  the  prep- 
aration of  a  bulletin  on  the  parasitic  plant  diseases  of  the  state. 

During  the  year  special  study  has  been  made  of  a  disease  affect- 
ing the  cottonwoods  (Popultis)  of  the  state,  when  transplanted  for 
shade  purposes.  After  a  number  of  years  the  cottonwoods  in  the 
yards  and  along  the  streets  in  our  cities  and  towns  are  apt  to  be- 
come unhealthy,  bleed  profusely  from  various  wounds  and  ulcera- 
tions and  their  leaves  turn  yellow,  ending  finally  in  death  from  ex- 
haustion in  from  three  to  five  years,  though  in  a  few  cases  they  have 
been  known  to  linger  much  longer,  but  no  case  has  been  reported 
where  trees  once  affected  have  ever  recovered  and  become  healthy 
again.  This  disease,  occurs  at  Helena,  Bozeman,  Billings, 
Deer  Lodge  and  a  few  other  localities  in  the  state  and 
affects  the  balm  of  Gilead  {Popxdus  balsamifera,  L.),  the 
narrow-leaved  cottonwood  (P.  angustifoliay  James)  and  the 
river  cottonwood  (P.  deltoides,  Marsh.),  but  appears  not  to 
attack  these  species  in  their  wild  condition.  Studies  in  Boze- 
man seem  to  show  that  the  disease  is  infectious,  spreading  slow- 
ly from  certain  infected  centers  and  attacking  the  trees  steadily  in 
all  directions  from  these  points,  though  the  spread  in  some  cases  is 
so  slow  that  this  has  been  disputed  and  further  observation  is  neces- 
sary to  settle  the  matter.  The  yellowing  of  the  foliage  is  always 
accompanied  by  bleeding  from  one  or  more  points  in  limb  or  trunk 
and  sections  of  the  wood  usually  show  a  diseased  condition  of  the 
tissues  extending  downward  from  this  point,  or  a  definite  split  in  the 
living  wood,  extending  to  the  center.  It  has  been  thought  by  some 
that  this  condition  is  due  to  a  lack  of  moisture  in  the  soil,  or  to 
an  excess  of  alkali  in  the  soil  water,  or  to  some  pathogenic  condition 
of  the  leaves  due  to  parasitic  growth,  but  there  appears  to  be  no 
1  elation  in  situation  to  disease  and  there  is  no  fungus  specially  prev- 
alent on  the  foliage  of  such  trees.  The  best  name  for  this  disease 
or  condition  is  "Cottonwood  Yellows"  and  attention  is  called  to  it 
here  that  data  may  be  secured  as  to  its  prevalence  in  other  sections 
of  the  state  and  the  region  adjacent.  The  cause  of  the  disease  re- 
(juires  further  study  and  experiment  for  its  definite  diagnosis  and 
treatment,  but  it  is  believed  that  it  may  be  prevented  by  the  pro- 
tection of  injured  parts  with  a  covering  of  white  lead  or  tar  to  guard 
against  infection. 

With   the   co-operation   of  the   Horticulturist   an   attempt  has 
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been  made  to  introduce  to  our  lawns  and  gardents  the  more  ornamen- 
tal shrubs  and  flowers  native  in  the  state,  the  Botanist  collecting 
the  roots,  bulbs  and  seeds  in  connection  with  his  other  field-work 
and  the  Horticulturist  testing  their  adaptibility  for  ornamental  cul- 
tivation. In  the  early  part  of  the  last  century  the  horticultural 
societies  of  England  had  explorers  in  this  region  for  many  years 
collecting  new  plants  for  ornamental  cultivation  and  many  then 
found  are  still  sold  at  the  seed-houses  and  nurseries ;  yet  we,  who  live 
among  these  beautiful  plants  of  our  fields  and  forests,  so  fail  to  ap- 
preciate their  attractions  that  little  attempt  is  made  to  make  them 
bloom  in  our  gardens,  even  though  the  expense  of  collection  is  small, 
compared  with  that  of  those  early  explorers.  A  number  of  these 
plants  are  finding  their  way  slowly  into  cultivation,  like  the  blue 
flax  (Linum  Lewtsii) ,  the  blue  columbine  (Aquilegia  cxrulea),  the  yel- 
low columbine  (A.  flavescens),  the  tall  fern  {Asplcnum  Filix-fcetnina) , 
the  prairie  lily  (Lilium  montanum)  and  even  the  despised  sunflower 
(Helianthiis  annuus)  is  grown  in  cultivation  in  parts  of  the  Flathead 
valley  and  in  the  Koutenai  region,  where  it  has  not  yet  appeared  as 
a  weed,  while  our  red-willow  (Cormis  stolmiifera,  the  clarkia 
(Clarkia  pulchella),  coreopsis  (C.  tinctoria),  the  gaillardia  (C  aristata) 
and  the  yellow  currant  (Ribes  aureum)  have  long  been  an  article  of 
commerce.  Yet  there  are  many  others  that  are  exceedinly  prom- 
ising for  horticultural  uses.  The  trailing  juniper  (Juniperus  pros- 
trata),  the  dog-tooth  violet  (Erythronium  grandiflorum)  ^  the  yellow- 
bell  {FritUlaria  piidica),  the  large  water-lily  (Nuphar  polysepalum) ,  the 
various  species  of  Calochortus^ ,  the  moss-phlox  (Phlox  Hoodit)^  the 
large  flowering  phlox  (F.  speciosa),  Koch's  Sidalcea  (5*.  campestris) ^ 
the  wild  hollyhock  (Spceralcea  acerifolia)  and  the  larkspur  (DcU 
phinum  Menzksii)  are  easily  adaptable  to  cultivation — not  to  men- 
tion a  host  of  others,  blooming  in  spring,  summer  and  autumn,, 
which  might  be  domesticated  and  are  certainly  thoroughly  hardy, 
as  they  are  native  here.. 

To  secure  these  plants  and  test  their  fitness  for  cultivation  and 
their  value  for  ornamental  piu'poses  is  the  object  of  the  co-operative 
work  of  these  two  departments  and  a  beginning  of  this  work  was 
made  during  the  past  season. 
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Several  new  weeds  have  appeared  in  the  state  to  which  it  is  de- 
sirable to  call  attention.  The  perennial  sow-thistle  {Son^hus  arvensis, 
L.)  has  been  introduced  at  the  Station  with  shrubbery  from  the 
East  and  while  for  some  reason  it  does  not  appear  to  mature  fruit 
here,  it  spreads  from  the  roots  rapidly  through  the. soil  and  threatens 
to  equal  the  Canada  thistle  in  pertinacity.  This  is  a  plant  two  or 
three  feet  high  with  yellow  flowers  resembling  the  thistle,  but 
smaller,  and  has  spiny  leaves  and  underground  rootstocks,  which 
penetrate  the  soil  in  every  direction. 

There  has  also  been  introduced  with  alfalfa,  timothy  and  blue- 
grass  seed  the  medick  (Mcdicago  lupulina,  L.),  the  lance-leaved  plan- 
tain (Plantago  lanccolatay  L.),  the  toothed  medick  (Medicago  denticulata, 
Willd.)  and  the  hop  clover  {Trifolmm  agrarinm,  L.),  while  a  few  of 
our  native  plants,  like  Artemisia  dracunculoidcSy  Pursh,  Coriospermum 
hysso  pi  folium,  L.  and  the  wild  rye  Elymus  Canadensis  y  L.  have  been 
reported  as  causing  trouble  in  some  localities  in  cultivated  fields. 
While  the  alfalfa  dodder  still  appears  to  be  reported  as  occasionally 
causing  damage  to  this  crop,  but  it  has  not  seemed  to  persist  in  the 
spots  affected  and  so  has  not  here  become  the  pest  it  has  in  other 
countries.  It  seems  to  come  principally  with  seed  from  Utah,  where 
it  is  more  pervalent  and  dangerous. 


The  question  of  the  cultivation  of  Ginseng  in  Montana  has  come 
up  a  few  times  recently  and  it  may  be  well  to  state  that,  except  in 
the  forest  regions  west  of  the  Divide,  where  a  native  species  {Araiia 
nudicauUs,  L.)  is  prevalent — ^the  Flathead  and  Koutenai  regions 
mainly,  it  is  extremely  improbable  that  our  climatic  and  soil  condi- 
tions will  favor  its  growth,  though  it  might  be  well  to  try  it  on  some 
of  the  rich  alluvial  river  bottoms  in  other  places,  where  irrigation 
can  be  secured. 

As  vet,  there  have  been  few  demands  from  this  Station  for  aid 
against  plant  diseases  affecting  fruits  and  crops  and,  owing  to  the 
relative  isolation  of  the  different  agricultural  communities  and  the 

Iry  climate,  few  of  the  worst  plant  diseases  of  the  East  have  yet 
secured  definite  foothold,  the  rusts,  smuts  and  potato  scabs  excepted. 

/here  is  yet  great  danger  that  in  many  importations  of  fruit  trees, 
shrulDbery  and  seeds  that  such  diseases  will  become  more  prevalent 

.nd  cause  serious  loss  to  the  farmer  and  fruit-grower  of  the  state. 
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^u  it  is  hoped  that  the  appearance  of  any  diseased  condition  of  plants 
in  any  locality  in  the  state  will  be  promptly  communicated  to  the 
Botanist  of  this  Station,  that  its  nature  and  relative  danger  may  be 
ascertained,  and  proper  steps  be  taken  to  exterminate  it,  if  found 
dangerous.  The  co-operation  of  the  State  Board  of  Horticulture 
is  earnestly  requested  in  this  work,  as  their  agents  situated  in  every 
part  of  the  state,  may  be  of  the  greatest  assistance  in  the  recogni- 
tion of  such  diseases,  from  which  it  is  equally  important  to  prptect 
the  horticulturist,  as  from  the  insect  pests,  while  the  Botanist  of 
this  Station  will  be  found  ever  ready  to  give  all  the  information  and 
aid  in  his  power  in  the  prosecution  of  such  work  and  our  facilities 
here  in  herbarium,  library  and  apparatus  afford  the  necessary  means 
for  accurate  determination. 

For  the  better  study  of  such  disease  it  is  the  intention  of  this 
department  to  have  a  card-index  made  of  the  literature  available  for 
consultation  in  the  state  and  to  procure,  as  far  as  funds  will  permit, 
the  more  important  economic  works  dealing  with  the  subject  in  the 
United  States. 

There  have  been  several  demands  made  upon  this  department 
during  the  year  for  the  determination  of  the  relative  purity  of  seeds 
required  for  planting,  as  to  the  number  and  kind  of  weed  seeds 
foimd,  and  it  is  probable  that  this  demand  will  increase  in  the  future, 
so  that  regular  work  will  need  to  be  undertaken  for  the  testing  of 
such  seeds  for  their  relative  purity  and  germinating  qualities,  in 
which  ca^ethe  facilities  for  the  work  of  this  department  will  need  to 
be  materially  extended,  the  crowded  condition  of  the  collections  and 
laboratories  being  such  that  the  Botanist  has  no  room  or  table  at 
which  he  can  carry  on  the  experimental  work  of  the  Station,  all 
being  given  up,  during  the  second  semester,  to  student  use.  It  is 
hoped  the  state  of  Montana  will  provide  sufficient  facilities  for  the 
work  of  the  two  biological  departments  of  the  College  and  Station, 
as  the  crowded  condition  of  these  departments  preclude  efficient 
work  by  professor  or  student  and,  by  lack  of  facilities  for  work,  or 
for  the  arrangement  and  storage  of  material  upon  which  we  are 
studying,  or  for  the  care  of  the  apparatus  necessary,  seriously  in- 
commode the  progress  of  the  work  of  the  Station.  We  have  been 
assured  that  our  departments  should  be  the  next  equipped  with  a 
building  and  proper  facilities  for  the  conduct  of  our  work  and  for 
eight  years  have  awaited  the  realization  of  this  promise,  each  legis- 
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lature  finding  it  necessary  to  appropriate  the  mon^y  for  other  more 
pressing  needs,  until  now  the  work  in  these  departments  is  fairly 
swamped  by  the  increase  of  students  and  collections  far  beyond  the 
capacity  of  the  temporary  quarters  provided  and  these  collections 
many  of  which  are  unique  and  could  not  be  replaced  for  many  thou- 
sand dollars,  are  in  constant  danger  from  fire,  owing  to  their  unpro- 
tected condition  and  their  immediate  proximity  to  the  laboratories. 
Following  out  the  request  of  Director  Fortier,  a  series  of  bulle- 
tins has  been  prepared  containing  the  material  accumulated  by  this 
department  in  more  technical  and  popular  lines,  but  it  has  been 
thought  best  that  the  publication  of  these  be  undertaken  by  the 
College,  the  bulletins  of  the  Station  to  be  limited  to  a  matter  of  im- 
mediate economic  value,  and  three  of  these  are  now  being  issued  as 
**Science  Studies"  of  the  Montana  Agricultural  College.  A  bul- 
letin on  "The  Is^ative  Economic  Plants  of  Montana"  has  also  been 
piepared  for  the  Station  and  will  soon  be  ready  for  the  printer. 


« '  •   I 
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ENTOMOLOGICAL  DEPARTMENT. 


R.  A.  COOLEY*  Entomologist. 
NOTES  OF  THE  YEAR. 


In  the  following  paragraphs  are  recorded  scattering  observa- 
tions that  have  accumulated  during  the  year.  With  the  varying  sea- 
sons come  various  insect  pests  and  while  during  one  summer  the 
attention  of  this  office  is  taken  up  mainly  with  some  one  or  more 
pests,  another  season  brings  an  abundance  of  other  species,  and  con- 
sequently a  shifting  of  our  attention.  Some  pests  attract  attention 
each  summer,  often  varying  in  abundance  and  destructiveness, 
while  others  drop  out  of  notice  for  some  years,  later  to  reappear  and 
remind  us  of  previous  occurrences. 

The  past  season  was  no  exception  to  the  rule  and  on  the  whole, 
was  one  of  great  activity  in  the  insect  world. 

Grasshoppers. — Grasshoppers  were  much  less  troublesome 
this  year  than  during  the  previous  three  seasons.  Xot  only  were 
the  insects  less  numerous  but  there  was  also  sufficient  precipitation 
to  produce  a  good  growth  of  grass  on  the  ranges  that  had  been  dry 
in  recent  years.  We,  however,  received  many  letters  of  inquiry  re- 
garding means  of  securing  protection  from  grass-hopper  devastation. 
As  time  passed  it  was  found  that  much  less  damage  was  being  done 
than  had  been  feared,  yet  over  extensive  areas  the  insects  were  very 
abundant,  in  some  localaties  more  so  than  the  year  before.  -  A  chief 
cause  of  complaint  of  injuries  by  these  insects  was  their  injuries  to 
the  seed  heads  of  alfalfa.  A  considerable  number  of  ranchers  are 
growing  alfalfa  for  seed  and  in  the  region  on  which  the  grass-hop- 
pers operated  they  found  that  a  grasshopper  (probably  Mclanopns 
bivittatus  Say)  ate  off  the  seed  stems  causing  the  heads  to  drop  to 
the  ground. 

Realizing  early  in  the  season  that  there  was  danger  of  much 
damage  from  grasshoppers  a  circular  letter,  which  discussed  an^ 
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I^ave  the  formula  for  the  preparation  of  the  poisonous  **bate"  known 
as  **Cridclle  Mixture",  was  sent  out  to  all  those  who  the  year  be- 
fore had  requested  a  supply  of  the  disease  fungus.  This  letter  re- 
quested that  reports  of  success  or  failure  with  the  substance  be  sent 
to  us  in  order  that  we  might  have  information  of  the  practical  re- 
sults for  our  guidance  in  future  recommendations. 

Without  further  solicitation  we  received  a  few  replies  to  these 
circular  letters  but  desiring  more  complete  returns  another  circular 
letttT  was  sent  out.  This  brought  in  a  fairly  complete  set  of  replies. 
AVe  were  much  disappointed  at  learning  from  them  that  almost 
imiformly  those  who  had  used  the  mixture  had  failed  to  get  satis- 
factory results.  However  the  replies  did  not  state  on  what  dates 
the  mixture  was  used  and  we  are  therefore  not  assured  that  it  was 
used  early  enough  to  get  the  best  results.  It  should  be  borne  in 
mind  that  this  remedy  is  intended  for  use  only  on  young  grasshop- 
pers. 

The  Criddle  Mixture  should  be  tested  with  sufficient  thorough- 
ness to  make  sure  whether  or  not  it  is  effective  as  a  remedy  in  cases 
of  grasshopper  outbreaks.  A  formula  for  its  preparation  is  given 
on  page  241  of  bulletin  51  of  this  Station.  Bulletin  51  is  the  First 
Annual  Report  of  the  State  Entomologist. 

A.  Cicada. — A  cicada  which  was  determined  through  Dr,  How- 
ar<l  of  the  United  States  lUireau  of  Entomology  os  Tibiccn  cnicntifera 
was  locally  abundant  in  a  few  parts  of  the  Bitter  Root  Valley.  In 
driving  through  the  upper  part  of  the  Bitter  Root  V^alley  on  June  25 
it  was  noticeable  that  on  approaching  bunches  of  cottonwoods  and 
willows  the  high  pitched  and  almost  deafening  sound' of  great  num- 
bers of  these  insects  could  be  heard.  To  some  extent  thev  scat- 
tered  from  these  food  trees  and  were  found  in  apple  orchards.  A 
few  twigs  were  injured  by  the  females  in  depositing  their  eggs. 

Tlw  Spotted  Blister  Beetle. — We  received  a  number  of  com- 
plaints of  injuries  to  the  foliage  of  potatoes  and  sugar  beets  and  a 
few  nther  minor  plants  by  the  spotted  blister-beetle  {Epicauta  niac- 
ulata).  We  are  informed  of  very  serious  damage  to  potato  crops 
in  the  vicinity  of  Big  Timber. 

Very  little  has  been  written  regarding  this  insect,  and  its  habits 
are  not  well  known  but  it  is  quite  probable  that  in  its  larval  stages 
it  feeds  on  the  eggs  of  grass-hoppers  and  is  thence  a  beneficial  in- 
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sect.  We  are,  therefore,  left  in  doubt  as  to  what  should  be  recom- 
mended in  case  of  damage  in  the  adult  stage.  It  is  certain  that 
this  insect  is  very  abundant  in  the  eastern  part  of  the  state  and  it 
may  be  that  our  usual  freedom  from  serious  injury  by  grass-hop- 
pers is  due  to  this  beetle. 

PLANT  LICE. 

It  seems  to  be  a  characteristic  of  our  state  that 
plant  lice  are  abundant  each  season.  Probably  no  other  one  fam- 
ily of  insects  is  more  often  the  subject  of  correspondence  from  this 
oflSce  than  this  one.  We  are  gradually  getting  together  a  collec- 
tion of  these  insects  and  notes  are  being  accumulated  and  in  the 
course  of  a  few  years  we  hope  to  be  able  to  present  both  scientific 
and  practical  results. 

The  one  species  that  is  most  often  inquired  about  is  the  apple 
leaf  aphis  (Aphis  point).  This  is  very  abundant  on  apple  trees 
throughout  the  state  and  though  not  usually  very  injurious,  is  the 
subject  of  much  interest  among  the  fruit  growers,  who,  as  a  class  are 
very  desirous,  not  only  of  preventing  injury  to  their  trees  but  a'-o 
take  a  great  personal  pride  in  keeping  their  orchards  clean  and  at- 
tractive. This  is  a  commendable  spirit  not  only  from  an  asthetic 
standpoint  but  from'  a  business  standpoint  as  well. 

Another  aphid  that  is  very  abundant  is  the  one  that  attacks  cab- 
bages and  other  plants  in  the  same  natural  family  as  the  cabbage, 
known  as  the  cabbage  aphis  (Aphis  bassicac).  '  At  times  this  louse  is 
very  injurious.  There  seems  to  have  been  no  abating  of  the  tro.iMe 
from  this  insect  during  the  past  year.  At  least  four  species,  the 
names  of  which  have  not  yet  been  determined  are  abundant  and  in- 
jurious yearly  on  the  various  trees  of  the  genus  Populus  used  as  shade 
trees. 

One  other  species  which  in  some  parts  of  the  state  is  very  com- 
mon and  noticeable  is  the  elm  gall-aphis.  It  is  somewhat  surpris- 
'ing  that  this  pest  is  allowed  to  continue  so  abundant  when  its  eradi- 
cation may  be  so  easily  accomplished. 

Various  other  species  of  less  prominence  have  been  common  on 
cultivated  vegetation  and  there  are  many  species  on  weeds  and 
other  wild  vegetation. 

It  is  commonly  believed  that  ants  are  associated  with  nu^st  or 
all  common  injurious  species  but  we  have  no  evidence  that  in  Mon- 
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tana  ants  have  anything  to  do  with  the  dissemination  of  the  apple 
aphis,  the  various  species  on  poplar,  the  box,  elder  ahpis,  the  elm  gall 
aphis  or  any  of  the  other  well  known  species.  It  is  true  that  many 
of  these  are  visited  by  certain  .ants  for  the  purpose  of  gathering  the 
sweet  liquid  or  **honey  dew"  but  we  believe  that  no  service  is  return- 
ed to  the  plant  lice  by  the  ants.  Most  of  our  species  deposit  their 
eggs  on  the  host  plants  in  fall  of  the  year.  In  the  spring  the  lice 
hatch  and  the  winged  individuals  soon  appear  and  migrate  by  flights 
to  other  trees  or  plants.  It  is  plain  that  such  species  do  not  require 
any  assistance  from  ants  to  enable  them  to  pass  the  winter  in  safety 
and  become  located  on  suitable  food  plants. 

It  may  be  that  a  study  of  the  dark  colored  species  on  Artcmcsia 
which  is  so  constantly  to  be  found  in  the  neighborhood  of  colonies  cf 
our  common  mound  ant  would  bring  out  proof  of  some  inter  relation- 
ship between  the  two  insects  but  no  conclusive  facts  have  yet  been 
adduced.  This  is  a  line  of  work  which  this  department  hopes  to 
have  opportunity  to  take  up  and  pursue. 

i 

FIELD  MICE. 

A  large  part  of  the  activities  of  this  department 
are  made  necessary  because  of  the  depredations  on  vegetation  by 
insect  life  but  other  animals  also  occasion  some  work.  The  work 
of  field  mice  was  very  conspicious  in  various  parts  of  the  state  in 
the  early  spring.  Just  as  the  snow  was  leaving  the  ground  their  bur- 
rows and  run-ways  were  found  to  be  very  abundant.  In  some 
places  they  injured  lawns  by  eating  off  the  stems  just  at  the  sur- 
face of  the  soil.  During  the  summer,  however,  these  injured  spots 
recovered  their  former  appearance.  The  most  serious  injury  trac- 
able  to  these  rodents  was  that  done  to  shade  and  fruit  trees  by  gnaw- 
ing the  bark  off  the  trunk  near  the  ground.  Many  trees  were  kill- 
ed in  Montana  last  spring  by  being  girdled  as  indicated. 

It  will  be  remembered  that  snows  came  early  and  formed  a  blan- 
ket for  the  earth  which  rcmciined  until  well  into  the  spring.  This  blan 
ket  was  a  great  benefit  to  the  mice  not  only  protecting  them  from 
wind  and  exposure  but  also  hiding  them  from  their  everpresent  ene- 
mies. Orchards  in  which  clean  culture  is  practiced  there  is  very 
much  less  danger  of  injury  to  the  trees  from  mice.  Other  things 
being  equal  then,  it  is  better  to  keep  the  orchard  free  of  weeds,  grass. 
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clover  and  other  vegetation.  There  is  little  danger  that  an  or- 
chard in  which  there  is  no  vegetation  except  the  trees;  the  soil  be- 
ing kept  cultivated  will  not  be  frequented  by  mice.  They  are  vege- 
table feeders  and  prefer  the  tender  vegetation  to  be  found  in  grass 
lands.  They  will  eat  the  bark  of  trees  only  when  driven  to  it  by 
hunger.  Moreover,  they  will  not  venture  far  from  cover.  Conse- 
quently when  snow  arrives  the  mice  are  found  only  in  grass  fields, 
or  in  fields  otherwise  covered.  When  the  snow  is  on  the  ground 
they  may  migrate  long  distances  by  crawling  under  the  snow.  h\ 
this  way  they  sometimes  enter  orchards  that  are  kept  in  clean  cul- 
ture but  not  frequently. 

Where  ditches  with  grassy  banks  run  through  large  orchards 
it  would  be  well  to  make  sure  that  no  mice  are  present  in  the  fall  or 
early  winter.  Grass  lands  surrounding  orchards  should  also  be 
kept  free  of  the  mice.  Their  presence  may  be  detected  by  their 
characteristic  burrows  and  by  the  dead,  brown  grass  cut  off  by  them. 
Under  conditions  where  poisons  may  safely  be  used  it  is  well  to  place 
poisoned  grain  in  places  where  it  will  be  found  by  the  mice. 

Poisoned  grain  may  be  prepared  in  the  following  manner:  Take: 

5^ounce  sulphate  strychnine 

I  bushel  of  grain 

Dissolve  the  strychnine  in  a  quart  of  hot  water.  Pour  this  over 
the  grain,  mix  thoroughly  and  allow  to  stand  over  night.  It  is 
thought  by  some  that  the  poisoned  grain  is  more  readily  eaten  if 
sweetened  and  for  this  purpose  a  quart  of  molasses  or  sorghum  is 
added.  After  the  molasses  is  added  the  grain  should  be  again 
thoroughly  stirred.  A  little  com  meal  should  be  added  to  render 
the  whole  mass  dry  and  prevent  sticking. 

Great  care  should  be  exercised  in  the  use  of  this  very  poison- 
ous mixture.  It  should  always  be  kept  plainly  labeled  and  out  of 
the  way  of  children  and  fowls. 

A  mechanical  protection  to  the  trunks  of  fruit  and  shade  trees 
is  sometimes  desirable  as  in  the  case  of  trees  on  lawns  and  in  back 
yards:  Galvanized  wire  mosquito  netting  is  probably  as  good  as  any- 
thing for  this  purpose.  It  affords  the  desired  protection  to  the 
trees  and  at  the  same  time  does  not  furnish  a  harbor  for  insect  pests 
to  hibernate  in.  It  should  reach  from  just  to,  or  just  below  the 
surface  of  the  ground  to  above  where  snow  will  reach. 

Hawks  and  owls  as  a  rule  are  harmless  to  the  interests  of  man 
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and  some  arc  a  great  benefit  as  destroyers  of  small  rodents.  Our 
common  "Short  Eared  Owl"  (Asio  accipitrinus)  should  always  be 
protected  and  yet  they  are  being  ruthlessly  shot  through  ignorence 
or  pure  malice. 

The  ground  color  of  this  bird  varies  from  bright  tawny  bchrac- 
eous  to  buflpy  white  with  conspicuous  stripes  of  dark  brown,  those  of 
the  lower  parts  grownng  narrower  posteriorly  and  disappearing  on 
the  lower  tail  coverts.  By  parting  the  feathers  on  the  sides  of  the 
head  very  large  openings  into  the  ears  may  be  found. 

Several  individuals  of  this  species  may  often  be  seen  together. 

FIELD   WORK. 

The  work  conducted  at  Missoula  on  the  life  history  of  the  eye- 
spotted  bud  moth  yielded  satisfactory  results.  We  feel  that  in  the 
light  of  some  new  facts  secured  \ve  are  able  to  make  some  recom- 
;T3endations  that  will  be  an  aid  in  controlling  this  pest.  In  an  exotir 
imcnlal  way  we  were  able  to  destroy  a  very  large  percentaerc  of  the 
moths  by  a  single  well  timed  spray.  We  feel  that  this  pest  can 
be  easily  controlled.  The  results  of  this  study  have  been  reported 
in  bulletin  55. 

Up  to  the  present  we  have  been  unable  to  aid  in  the  control  of 
the  strawberry  crown  girdler,  a  weevil  that  in  the  larval  stage  has 
been  locally  very  injurious  near  Missoula.  The  problem  has  been 
under  our  attention  since  the  summer  of  1900  and  during  the  past 
season  (1904)  was  given  a  particular  study,  A  neV  feature  of  the 
study  was  an  attempt  to  discover  the  native  wild  growing  food 
plants. 

The  practical  result  was  that  we  now  know  at  least  a  part  of 
the  native  food  plants  and  are  prepared  to  make  recommendations. 
The  results  of  this  study  and  the  recommendations  have  been  pre- 
pared for  publications  in  bulletin  55. 

HONEY  BEES. 

If  our  line  of  experiments  in  the  wintering  of  bees-  now  in  prog- 
less  in  the  apiary  produces  reasonably  conclusive  results  we  will  be 
in  a  position  in  the  near  future  to  present  in  bulletin  form  a  discus- 
sion of  the  very  important  subject  of  the  best  methods  of  winter- 
ing bees  in  our  mountain  climate.     Definite  tests  of  various  meth- 
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ods  are  being  made  and  we  hope  to  get  results  of  i^reat  practical 
vulue. 

It  is  clearly  shown  that  bees  kept  in  good  condition  will  produce 
a  good  yield  of  surplus  honey  and  when  we  have  in  an  experimental 
v.ay  shown  what  is  the  best  way. of  wintering  bees  it  will  be  best 
for  us  to  discontinue  our  apicultural  work  and  sell  the  bees. 

DUTIES    AS    STATE    ENTOMOLIGIST. 

As  the  agricultural  development  of  the  state  goes  on  there  is  a 
constantly  increasing  demand  for  entomological  investigations,  and 
this  work  is  greatly  facilitated  and  at  the  same  time  safeguarded 
against  becoming  local  and  unpractical  by  Montana's  State  Entomo- 
logist Law.  By  its  provisions  the  State  Entomologist  is  required  to 
keep  in  touch  with  the  needs  of  all  parts  of  the  state  and  conduct  his 
investigations  not  only  in  the  office  but  in  the  field  as  well.  The 
fund  provided  to  defray  traveling  expenses  has  thus  far  been  found 
to  be  sufficient  and  we  believe  that  the  best  interests  of  the  state  are 
well  served  by  the  present  arrangement  between  the  practical  and 
strictly  scientific  sides  of  Entomology. 

ADDITIONS  TO  THE  COLLECTIONS. 

Through  an  arrangement  made  with  the  manager  of  the  Butte 
Electric  Railway  Co.,  Mr.  J.  R.  Wharton,  who  also  has  charge  of  the 
Company's  pleasure  resort  at  the  terminus  of  one  of  their  suburban 
lines,  we  were  enabled  to  keep  a  collector  of  insects  in  the  field  dur- 
ing last  summer  and  substantial  additions  were  made  to  our  collec- 
tions of  insects.  Not  all  this  material  has  yet  been  worked  up  but  we 
have  determined  and  arranged  the  Orthoptera  (grasshoppers)  and 
Coleoptera  (beetles).  These  two  orders  are  among  the  most  impor- 
tont  from  an  economic  standpoint.  Of  the  Ortheptera  we  now  have 
ftearly  loo  determined  species  from  Montana  while  of  the  Coleoptera 
we  have  about  500  Montana  species  collected  and  named.  Scatter- 
ing families  and  groups  from  the  other  orders  have  been  thoroughly 
worked  up  and  we  shall  gradually  continue  the  work  until  the  in- 
sect fauna  of  our  state  is  well  represented  in  our  cabinets.  This  will 
be  a  work  of  time  and  is  expensive  but  is  absolutely  essential  to  the 
proper  fulfillment  of  our  duty  as  an  experiment  station  department. 
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PUBLICATIONS  FOR  THE  YEAR. 

Various  newspaper  articles  have  been  prepared  in  response  to 
current  needs.  While  these  are  sometimes  an  interruption  of  other 
lines  of  work  we  feel  that  they  are  a  profitable  use  of  time  for  by 
them  we  can  give  information  just  when  and  where  it  is  needed. 
•One  bulletin,  the  Second  Annual  Report  of  the  State  Entomolog^t, 
has  been  prepared  and  submitted.  The  report  will  be  of  about  65 
pages  with  three  full  page  new  half  tones  and  one  new  text  figure 
Jbesides  about  30  borrowed  text  figures. 
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CHE/VIICAL  DEPARTMENT. 

V.  K.  CHESNUT,  Chemist. 

From  September  i,  1903,  when  my  predecessor,  Dr.  F.  W.  Trap- 
ha^en,  resigned  his  duties  as  chemist  of  this  station  until  January 
20,  when  these  responsibilities  devolved  upon  me,  the  direction  of 
the  chemical  work  was  in  the  hands  of  Prof.  W.  M.  Cobleigh  unde> 
whose  management  the  analytical  work  in  progress  on  'Tood^  33,1^! 
Food  Adulteration"  was  completed  and  the  results  turned^  ^^^  to, 
Dr.  Traphagen  who  is  now  preparing  a  bulletin  emb';^yijj;g.  the  re- 
sults of  this  work.    During  the  year  Dr.  Trap^;^^g.^Yi  has  completed' 
the  manuscript  for  two  bulletins,  one  tl^-atip^*  on  the  alkali  soils  of 
Montana,  the  other  on  the  prospects  t>i  a  beet  sugar  industry  ini 
Montana.     The  former  will  soon  be  published  by  the  Sation;  the 
latter  had' already  been  printed  as  br.lletin  52  of  the  Station.    Both  of 
these  bulletins  embody  the  ripe   experience,  not  only  of  the  past 
3rear  but  of  the  past  ten  years  dnring  which  Dr.  Traphagen  acted  as 
Chemist  of  the  Station. 

THE  BEET^VltSJ^R  INDUSTRY  CP  VlONTANA. 

The  past  year  has  witnessed  a  great  advance  in  the  prospects 
for  a  beet  su<rar  industry  in  the,  state.  The  erection  of  factories  is- 
now  being  considered  nt  Kalispell  and  Great  Falls,  and  in  the  Milk 
T^iver,  and  Bitterroot  valleys  and  already  the  erection  of  a  lar^p 
factory  with  a  daily  capacity  of  1000  tons  of  beets  had  boett  P'l-ured 
at  Billings.  Tlie  cost  of  this  plant  will  bg  ^hmi  $>50,0oo  cx)  a^nd 
nearly  400  men  will  find  employment  in  and  about  the  factory 
Surely  this  marks  -the  beginning  of  an  important  epoch  in  the  hiV 
tory  of  the  state,  th^  dawn  of  manufactory ! 

COOPERATION   WITH    FARMERS. 

(a)  Sugar  Bcrfj:— Owing  to  the  delay  in  securing  beet  seeds- 
from  the  Departorot  of  Agriculture  and  to  the  unusual  dryness 
of  the  -rowing  sen -.rna  the  co-cperative  expcnn^mrs  with  beets  \vere 
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not  SO  satisfactory  this  year  as  usual.  About  50  pounds  of  Klein- 
wan/.lcbener  beet  seed  was  distributed  bv  the  Station.  This  seed 
v\.is  secured  by  the  U.  S.  Department  of  Aj;[riculturc  in  tlie  state 
of  Washington  and  was  grown  in  that  state  from  ni-jrhc-  beets  of 
high  sugar  content  and  purity.  The  results  with  these  beet  seed 
are  of  particular  interest  on  account  of  the  fact  that  the  government 
is  now  particularly  interested  in  encouraging  the  sugar  beet  seed  in- 
dustry in  this  country. 

The  richest  lot  of  beets  grown  from  these  seeds  was  grown  by 
Rosa  Kent  of  Hinsdale  in  Valley  County.  The  beets  contained  22.8 
per  cent  sugar,  an  amount  equaled  in  this  state  only  by  the  beets 
raised  at  Hinsdale  by  W.  M.  Wooldridge  in  1902.  One  other  sample 
from  Hinsdale,  one  from  the  station  farm  and  two  from  Billings 
contained  a  little  over  21  per  cent  sugar.  The  greatest  estimated 
yield  of  sugar  per  acre  from  this  seed  was  5825  pounds,  the  record 
of  the  Station  farm. 

Complete  comparative  tests  made  with  three  other  varieties  on 
the  Station  farm  showed  that  the  Government  seed  yielded  beets  su- 
perior in  every  particular  save  one ;  the  Utah  grown  seeds  yielded 
beets,  the  purity  test  of  which  was  1.08  per  cent,  greater.  The  full 
comparison  is  shown  in  the  following  table. 

■  > 

SHOWING  COMPARATIVE   RESULTS     WITH     SEVERAL  VARIETIES  OF 

SUGAR  BEETS. 
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The  average  of  22  beets  grown  in  various  parts  of  the  stati 
from  the  government  seed  showed  16.9  per  cent  sugar  in  the  beets 
and  82.73  per  cent  purity.  These  percentages,  although  good  aver- 
ages, would  undoubtedly  have  been  considerably  higher  if  more  care 
had  been  taken  in  the  cultivation  of  the  beets,  and  if  the  season  had 
not  been  abnormally  dry.  Some  complaints  were  made  also  in  re- 
gard to  the  ravages  of  the  beet  beetle  {Epicauta  maaUata)  which  de- 
vours the  leaves  of  the  plants  with  great  gusto. 

(b)  Alfalfa  Grcmnng. — Through  the  courtesy  of  Dr.  Geo.  T. 
Moore  of  the  Bureau  of  Plant  Industry,  Department  of  Agriculture, 
cultures  of  bacteria  for  inoculating  alfalfa  seed  were  sent  to  farmers 
in  several  parts  of  the  state  but  sufficient  time  has  not  yet  elapsed  for 
the  reports  to  be  turned  in.  Present  indications  are  that  tire  treat- 
ed seed  produced  more  vigorous  seedlings.  Considerable  difficulty 
has  been  reported  from  several  parts  of  the  state  in  getting  a  good 
stand  of  alfalfa.  This  trouble  is  often  due  to  a  lack  of  nitrogen  in 
the  soil.  The  nitrifying  bacteria  when  present  on  the  plant  get 
this,  the  most  costly  of  all  fertilizers,  from  the  air.  These  organ- 
isms should,  therefore,  be  extensively  tried  in  this  state,  not  only  for 
alfalfa  but  for  all  leguminous  crops. 

COOPERATION  WITH  STOCKMEN. 

The  stockmen  of  the  state  are  now  rapidly  learning  that  they 
cannot  depend  wholly  upon  the  public  range  for  pasturage  and  that 
in  order  to  avoid  extensive  losses  cither  from  poisonous  plants, 
extreme  cold,  drought,  or  from  parasitic  diseases  it  is  necessary  for 
them  to  reduce  materially  the  number  of  stock  grazed  on  a  given 
area  or  to  provide  hay  sufficient  to  keep  them  alive  especially  during 
periods  of  inclement  weather.  The  cooperation  with  the  stock- 
men has  been  mainly  along  two  of  these  lines,  viz;  poisonous  plants 
and  parasitic  diseases,  both  of  which  have  an  intimate  relation  to  the 
food  supply. 

(a)  Poisonous  Plant  Investigations: — In  this  line  experiments 
were  made  definitely  to  determine  whether  or  not  the  veratrine  al- 
kaloids, the  poisonous  principles  of  Death  Camas  (Zygadenus  vcncun- 
sus)  leaves,  pass  into  the  milk  of  animals  poisoned  by  the  plsni. 
It  was  found  that  they  did  and  that  their  presence  in  milk  was  very 
casilv  determined.       It  is,  therefore,  certain  that  a  ewe  or  a  co\v 
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suffering  slightly  from  Death  Camas  poisoning  may  fatally  poison 
her  off-spring  through  her  own  milk. 

(b)  liizesligatiotis  on  Parasitic  Diseases  of  Sheep: — ^Througli 
the  generous  cooperation  of  sheepmen  and  of  the  Bureau  of  Plant 
Industry,  Department  of  Agriculture,  a  great  deal  of  information  has 
been  obtained  relative  to  the  effect  of  scanty  food  and  the  consequent 
impairment  of  vital  force  upon  the  ravages  of  parasitic  insects  ai:d 
worms  in  sheep.  This  information  was  obtained  during  the  prog- 
ress of  the  investigatipn  of  the  so-called  "Locoweed  Disease"  of 
sheep  and  will  be  published  by  the  Station  as  a  part  of  that  v/ork. 
About  80  sheep  were  divided  into  several  bands  and,  \v]\ul  suffering 
fjom  an  attack  of  the  Gad  Fly,  were  fed  different  amounts  of  food. 
Concordent  results  were  obtained. 

About  30  badly  locoed  sheep  have  been  obtained  and  treated 
•    with  vermifuges  in  order  to  kill  or  cripple  the  intestinal  worms.  An 
attempt  is  now  being  made  to  fatten  these  sheep  for  the  market. 

FOOD   INVESTIGATIONS. 

There  being  no  state  law  regulating  the  sale  of  foods  other 
than  meat  and  milk,  not  true  to  name  or  label,  the  principal  work 
done  in  this  line  was  in  co-operation  with  the  State  Veterinarian, 
Dr.  M.  E.  Knowles,  who  has  charge  of  the  Meat  and  Milk  Inspec- 
tion law.  Several  samples  of  sausage  and  of  meat  preservatives 
were  submitted  by  the  local  inspector,  Dr.  H.  C.  Gardiner.  These 
were  obtained  chiefly  from  Bozeman  butchers.  Some  of  the  sau- 
sages contained  an  excessive  amount  of  such  objectionable  preserva- 
tives as  sulphite  of  soda  and  borax  but  their  use  in  the  sausage  a\tis 
discontinued  by  the  butchers  when  they  were  informed  of  the  re- 
sults of  the  analysis.  Subsequently,  an  agent  of  an  eastern  house 
trying  to  place  orders  among  his  customers  for  a  further  supply  of 
certain  spices  and  preservatives  was  not  only  unable  to  sell  his 
preservatives  but  had  returned  to  him  some  of  the  material  which 
had  been  sold  by  him  the  preceeding  year.  It  was  the  confessed 
purpose  of  this  agent  to  sell  the  preservatives  returned  in  another 
town  in  the  state  where  the  inspection  was  supposed  to  be  less  rigid. 

One  fatal  case  of  poisoning  from  canned  salmon  was  inquired 
into.  One  child  died  and  two  others  were  made  very  ill  by  eating 
the  contents  of  a  pound  can  of  the  fish  very  shortly  after  it  had  been 
opened.       The   symptoms   were   those  usually   observed   in    cases 
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where  partially  decayed  fish  are  eaten.  Probably  in  this  instance 
the  fish  was  poisonous  before  the  can  was  opened.  Perhaps  it  was 
what  is  known  to  some  whofcsalo  dealers  as  a  "do-over,"  that  is, 
a  can  of  salmon  which  having  begun  to  ferment  before  leaving  the 
cannery,  has  been  recanned.  This  process  would  kill  the  bacteria 
causing  the  fermentation  but  would  leave  the  poisonous  ptomaine 
unchanged.  The  practice  of  selling  such  goods  should  not  be  toler- 
ated !  No  better  evidence  could  be  needed  to  indicate  the  necessity 
of  establishing  a  pure  food  law  in  this  state. 

MLscellauccus. — Miscclkneous  samples,  oi"  water,  soils,  grains 
coal-oil,  coal,  etc.,  were  submitted  for  analysis  and  some  co-opera- 
tive work  was  done  with  the  Bureau  of  Chemistry.  Two  Farmers' 
Institute  trips  were  made  and  considerable  progress  was  made  in 
systematizing  the  office  records. 


METEOROLOGIST  SUMMARY  FOR  1903-1904. 

ED.MUND  BURKE,  Meteorologist, 


Highest  temperature. 
Lowest  temperature. 
Greatest  range  for  the  year. 
Highest  monthly  mean. 
Lowest  monthly  mean. 
Highest  daily  mean. 

Lowest  daily  mean. 

Mean  temperature  for  the  year 

Greatest  total  pptn.  for  i  month. 
Least  total  pptn.  for  i  month. 

Total  rainfall. 
Total  snowfall. 
First  killing  frost. 

9 

Last  killing  frost. 


89 

August  14,  1904. 

-23 

Nov.  17,  1903. 

112 

63.6 

August  1904. 

22.4 

Febrauary,  1904. 

71 

July  26,  27,  August  14, 
15,  1904. 

-II 

November  17,  1903. 

41.2 

2.98 

in. 

March,  1904. 

.06 

in. 

Sept.,  1904. 

16.34 

in. 

■ 

95. 

in. 

Sept.  13,  I0b4. 
June  10,  1904. 

Number  of  clear  days  in  the  year  103. 

Partly  cloudy  days.  224. 

Cloudy  days.  39. 

Da^'s  with  .01  inch  or  more  pptn.      89. 
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SUMMARY  BY  MONTHS  FOR  1903-1904. 


Months  and  years. 


Nov.  1903. 
Dec.  1903. 
Jan.  1904. 
Feb.  1904. 
Mar.  1904. 
Apr.  1904. 
May  1904. 
June  1904. 
July  1904. 
Aug.  1904. 
Sept.  1904 
Oct.  1904. 
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54 

3 
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5 

6 

S.  E. 

48 

4 

22.5 
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8.5 

3'  21 

7 

7 

s.  w. 

49 

-12 

22.4 

2.25 

22.5 
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4 

8 

S.  E. 

50 
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2.98 

28.1 

7 

22 

2 

11 

S.  E. 

72 
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1.36 

5.6 

12 

16 
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74 

28 
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5 

21 

5 
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84 

32 
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1.74 

1.8 

9 

20 

1 

12 
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88 

36 
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1.11 
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HORTICULTURAL  DEPARTHENT. 

R.  \V.  FISHER,  Hortinilttunst 

The  work  in  this  department  has  been  along  much  the  same 
lines  have  been  followed  in  previous  years,  that  is,  in  testing  new 
varieties  of  fruits,  ornamental  trees,  flowers,  shrubs  and  garden 
vegetables. 

Considerable  time  has  also  been  given  during  the  past  year  to 
cross  pollenating  flowers  of  fruits  and  certain  vegetables  with  the 
idea  in  mind  of  producing  plants  better  suited  to  our  conditions  than 
any  we  now  have.  From  the  very  nature  of  this  work  it  will  be 
some  years  hence  before  we  hope  to  be  able  to  give  a  report  upon  it, 

PRELIMINARY   REPORT   UPON   ORNAMENTAL  TREES  AND   8HRUB8.. 

Many  kinds  of  ornamental  trees  and  shrubs  are  now  growing  m 
the  experimental  nursery  and  while  some  of  them  have  not  been 
tested  for  a  period  long  enough  to  determine  accurately  their  hard- 
iness yet  the  notes  here  given  will  indicate  those  kinds  that  are  most 
likely  to  grow  at  this  altitude  and  in  places  in  the  state  similarly  sit- 
uated. They  will  also  call  attention  to  those  varieties  that  our  tests 
show  are  probably  too  tender  for  general  planting.  A  great  many 
ornamental  plants  growing  in  the  nursery  are  not  mentioned  here 
because  they  have  not  been  tested  long  enough  to  prove  their  worth. 
American  Ash,   {Fraxinus  Americana.  Linn.). 

In  localities  where  this  tree  can  be  grown  it  will  make  an  excel- 
lent tree  both  for  ornamental  and  economic  purposes  being  one  of  the 
best  of  its  kmd. 

Small  trees  planted  here  in  the  spring  of  1903  have  had  the 
tops  winter  killed  during  the  winter  and  the  foliage  and  tips  of  the 
plants  are  killed  in  the  fall  by  early  frosts. 

A  few  old  trees  on  the' Station  grounds  seem  to  be  perfectly 
hardy  and  mature  their  wood  in  the  fall  and  come  through  the 
winters  all  right,  and  it  may  be  that  after  the  young  stock  has  become 
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entirely  acclimated  they  will  be  hardy.  At  present,  however,  at 
altitudes  similar  to  the  Gallatin  valley  this  tree  should  not  be  planted 
except  for  experimental  purposes,  especially  when  it  is  not  possible 
to  procure  the  stock  from  climates  very  similar  to  ours. 

Green  Ash.  (Fraxinus  z'iridiis,  ^Tichx.) 
This  is  a  much  smaller  tree  than  the  white  ash  and  grows  slower. 
Both  large  and  small  trees  grown  at  this  station  have  been  entirely 
hardy  and  where  trees  are  grown  from  seeds  procured  in  locations 
with  similar  climatic  conditions  to  ours,  this  tree  will  likely  prove 
useful  as  windbreaks,  etc. 

European  Mountain  Ash.  (Sorbtis  Aucuparia,  Linn.). 
This  tree  has  been  growing  on  the  Station  grounds  for  nine 
years  and  seems  to  be  perfectly  hardy.      It  makes  a  tree  20  to  40  feet 
high  and  is  valuable  for  ornamental  purposes. 

American  Mountain  Ash.      {Sorbus  Americana,  D.  C). 
This  tree  makes  a  more  shrubby  growth  than  the  preceeding  and 
requires  considerable  pruning  to  train  it  into  tree  form.      It  is  hard- 
ier than  the  European  Mountain  Ash  and  will  therefore  stand  more 
exposed  and  colder  situations. 

Black  Wahiut.  (Jtiglans  nigra.  Linn.). 
This  is  not  a  safe  tree  to  plant  in  Montana  in  the  colder  and 
higher  altitudes^       The  terminal  shoots  winter  kill  badly  and  the 
foliage  is  usually  killed  on  the  trees  in  the  fall,  before  they  mature. 
Russian  Mulberry.  (Morus  alba,  var.  Tatarica  Loudon.). 
So  far  the  tests  with  this  tree  indicate  that  it  is  too  tender  for 
this   climate  and   should   not  be   planted   except   for   experimental 
purposes. 

Western  Catalpa.   {Catalpa  speciosay^^vAtr), 
The  terminal  shoots  kill  back  each  winter  to  the  old  wood  and 
the  leaves  usually  are  killed  before  they  mature  in  the  fall.      Too 
tender  for  this  climate. 

Sugar  Maple..    {Acer  saccharum.  Marsh). 
On  young  trees  the  terminal  shoots  winter  kill  and  unless  trees 
are  grown  from  seeds  gathered  in  high  and  cold  altitudes  it  will 
not  prove  hardy  enough  for  general  planting. 

Silver  Maple.  {Acer  saccharimim,  Linn.). 
Trees  grown  from  seeds  of  trees  gathered  in  eastern  states  or 
states  south  of  here  are  invariably  tender,  only  a  very  few  specimens 
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proving  hardy.  But  when  stock  is  procured  from  cold  climates 
this  tree  may  prove  hardy  enough  for  general  planting,  and  is  surely 
worth  all  the  eflFort  given  in  testing  it  as  the  silver  maple  is  one  of 
the  best  ornamental  and  shade  trees  grown. 

Tartarian  Maple.     (Acer  Tataricum  Ginnala,  Hort.). 
This  is  a  small  shrubby  growing  tre'e  that  seldom  reaches  a 
size  of  (iver  15  or  25  feet,  but  on  account  of  its  hardiness  is  vaUn.ble 
as  an  ornamental  shrub  or  it  may  be  used  to  advantage  as  a  wind 
break. 

Box  Elder.  (Acer  Negtindo.  Linn.). 
This  tree  is  a  native  to  parts  of  Montana  and  can  be  grown 
under  cutlivation  in  most  parts  of  the  state.  The  Box  elder  is  a 
rapid  grower,  often  attaining  a  height  of  30  or  40  feet;  but  is 
usually  more  spreading.  It  is  valuable  as  a  shelter  belt  and  where 
other  more  ornamental  trees  will  not  grow  is  good  for  shade  and  or- 
namental purposes.  Seeds  gathered  from  native  trees  will  likely 
produce  hardier  trees  than  trees  purchased  from  eastern  nurseries. 

American  Elm.  {Ulmus  Americmia,  Linn.). 
This  is  one  of  the  best  and  most  durable  trees  for  shade  or  or- 
namental purposes.  Trees  imported  into  the  state  or  grown  from 
seeds  matured  in  warmer  climates  are  very  likely  to  prove  tender 
but  when  propagated  from  trees  grown  in  cold  climates  the  American 
Elm  will  very  likely  prove  hardy  enough  for  general  planting.  The 
elm  thrives  best  upon  moist,  rich  soils,  and  will  not  stand  much 
drought. 

Bur  Oak.  (Quercus  Macrocarpay  Mich.). 
This  tree  is  native  to  parts  of  Montana  where  it  is  known  as 
scrub  oak.  It  is  a  very  slow  growing  tree  and  does  not  attain  to 
any  great  size,  but  seems  to  be  perfectly  hardy  at  this  altitude.  It 
is  not  valuable  for  shade  or  shelter  purposes  because  of  its  slow 
growth  and  small  scrubby  size. 

White  Birch.  (Betida  alba,  Linn.). 
This  is  one  of  the  hardiest  and  finest  ornamental  trees  for  the 
higher  and  colder  sections  of  Montana.  Because  of  its  slender 
priowth  and  small  leaves  it  is  not  so  valuable  as  a  shade  tree  hwi 
;?lTOrds  considerable  protection  against  winds.  It  thrives  best  up- 
on moist  soil  and  will  not  stand  much  drought. 

•  Carolina  poplar.   (Populus  deltoides  var.  Carolintnsis,  Marsh.) 
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Below  altitudes  of  4500  feet  this  is  probably  the  best  shade  and 
ornamental  tree  growing  in  the  state  for  general  planting.  Above 
4500  feet  it  sometimes  winter  kills,  especially  when  the  wood  is  noi 
perfectly  matured  the  preceeding  fall.  The  Carolina  poplar 
thrives  best  upon  moist  soils  and  will  make  but  a  poor  growth  where 
water  cannot  be  supplied.  Many  specimens  of  this  tree  died  on  the 
Station  grounds  and  in  Bozeman  last  year,  caused  very  likely  from 
the  fact  that  sufficient  moisture  was  not  in  the  ground  to  carry  them 
through  the  winter.  The  tree  is  also  somewhat  subject  to  sunscald 
and  while  small  should  be  given  some  protection  against  the  sun  dur- 
ing the  winter. 

Certinensis  poplar.     (  Popxdus  lauri folia,  Ledeb). 
This  tree  is  not  as  hardy  as  the  Carolina  poplar,  nor  does  it 
make  as  good  a  tree.    Where  the  poplars  are  to  be  planted  the  Caro- 
lina should  be  given  preference. 

Black  Poplar.  (Populus  bcUdafoliay  Pursh). 
This  tree  seems  perfectly  hardy  here  and  is  valuable  for  shel- 
ter belts. 

Buffalo  Berry.  (SJwperdia  argcntea,  Nutt.). 
This  shrub  is  native  to  parts  of  the  state  and  is  valuable  as  a 
hedge  plant  and  in  some  cases  would  make  a  good  shelter  belt.  The 
fruit  is  used  for  jellies  and  jams  and  if  plants  are  set  out  with  the 
intention  of  getting  fruit  it  is  necessary  to  get  plants  bearing  both 
staminate  and  pistilate  flowers.      This  plant  is  hardy  here. 

Purple  Beech..    (Fagtts  Sylvatica  purpnrcay  Ait.). 
Too  tender  for  this  climate. 

Japan  Quince.    (Cydonia  Japanica,  Pers.). 
This  is  a  shrub  growing  3  to  6  feet  high  with  branches.     The 
flowers  range  in  color  from  white  to  scarlet  and  are  very  fragrant. 
This  plaat  is  seldom  winter  killed  except  when  planted  in  exposed 
situations. 

Purple  Fringe,   {Rhus  cotinus,  Linn.). 
A  shrub  6  to  8  feet  high  with  purple  flowers  which  appear  in 
early  summer.    It  has  not  been  winter  killed  since  planted  here  and 
may  prove  to  be  a  hardy  and  valuable  bush. 

Deutzia. 
Several  species  of  deutzias  have  been  tested  and  without  ex- 
ception have  been  tender. 
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Spiraea.       (Spiraea  Reevesiana,  Lind.). 
Not  hardy. 

Van  Houtts  Spiraea.  .{Spiraea  Van  Hauttei,  Zabel.). 
This  is  one  of  the  most  beautiful  of  the  spiraeas  and  is  quite 
hardy  here.     Very  useful  and  ornamental  for  the  shrubbery  and 
single  planting. 

Mock  Orange.   {PhiladelphuSj  Lemoinei,  Lemoine.) 
This  large  flowering  mock  orange  is  about  half  hardy  here,  the 
terminal  shoots  killing  back  in  very  cold  weather. 

Mock  Orange.    Philidelphtis,  Lemoinei,  (Lemoine 

A  smaller  shrub  than  the  foregoing  and  about  the  same  in  re- 
spect to  hardiness.  Both  very  likely  to  be  found  perfectly  hardy  at 
lower  altitudes  and  in  sheltered  locations. 

Tamarix  Gallica.    Linn. 
Tamarix  Africana. 
Both  these  plants  have  been  grown  here  for  several  years  and 
kill  to  the  ground  each  winter.    The  ropts  seem  to  be  hardy  and 
new  shoots  spring  up  each  spring  and  make  a  growth  of  3  to  4  feet 
during  the  season. 

Scotch  Laburnum,  {Laburnum  alpinum.    Griseb.) 
A  very  graceful  and  ornamental  shrub  for  border  planting.    The 
tips  of  the  terminal  shoots  sometimes  kill  back  but  usually  the  plant 
will  make  a  good  growth  during  the  summer. 

Snowball.     {Viburnum  opoulus  sterile.  DC). 
This  is  a  very  good  plant  for  specimen  planting  and  is  very 

showy  in  the  border.    Not  absolutely  hardy  here,  but  usually  sur- 
vives winter  killing  and  makes  a  good  subsequent  growth. 

Arrowwood.     (Viburnum  dentatum.    Linn.) 
This  plant  is  not  as  ornamental  as  the  preceeding  one  but  pro- 
bably is  a  little  hardier. 

Oregon  Grape.     {Berberis  aqifolium.  Pursh.). 
A  small  evergreen  shrub  valuable  for  planting  out  in  the  bor- 
der.    Seeriis  to  be  hardy  here  especially  when  given  slight  protec- 
tion. 

Lilac.    Syringa. 
The  lilacs  are  among  the  hardiest  ornamental  plants  we  have  at 
this  altitude  and  are  very  valuable  for  grouping  or  for  specimen 
plants  upon  the  lawn. 

The  Common  Lilac.     {Syringa  vulgaris,  Linn.), 


^ 
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The  common  lilac  is  too  well  'known  to  need 
description.  It  is  very  hardy  and  is  one  of  the  best  shrubs  we  have 
4:0  plant  for  general  ornamental  purposes. 

Syringa  villosa.  Vahl. 
This  variety  is  lower  growing  than  the  common  lilac.     The 
'flowers  are  pinkinsh  lilac  and  have  a  delightful  fragrance  not  quite 
>as  strong  as  the  foregoing.    Hardy. 

Syringa  Rothomagensts.    Loud. 
This  lilac  attains  a  height  of  lo  to  12  feet  in  good  soil.     The 
leaves  are  smaller  than  the  common  lilac  and  the  flowers  purplish 
violet  in  color  are  produced  in  abundance.     Hardy. 

Persian  Lilac.     (Syringa  Persica,  Linn.) 
This    shrub    attains    a    size    of    from    5    to     10    feet,    and 
produces  flowers  in  large  white  clusters.     Hardy. 

Siberian  Pea  Tree.     (Caragana  frutescens,  DC). 
A      small      shrub      very      beautiful      both      in      leaf      and 
flower.       It  produces   beautiful    yellow    pea-like    flowers    and   has 
been  perfectly  hardy  here  for  six  years. 

Siberian  Pea  Tree.  (Caragana  arborescens,  Lam.) 
This  is  a  large  shrub  or  small  tree  sometimes  reaching  a  height 
of  10  to  15  feet.    It  is  very  useful  either  as  a  hedge  plant  or  for  or- 
namental purposes.    It  has  not  been  tested  very/ long  here  but  so  far 
has  shown  no  signs  of  winter  killing. 

Yellow  flowering  currant.  (Ribes  aureum,  Pursh.). 
Native  to  parts  of  Montana  and  perfectly  hardy  here.    It  is  a  free 
growing  plant  often  attaining  a  height  of  6  to  10  feet  and  produces 
in  the  spring,  yellow,  fragrant  flowers.     A  good  plant  for  massing 
where  tender  plants  will  not  grow. 

Honeysuckle.     (Lonicera  Tetartca,  Linn.) 
A  large  growing  honeysuckle,  producing  flowers  profusely  in 
early  spring.    Very  hardy  and  desirable  for  general  planting.    The 
flowers  range  in  color  from  white  to  red. 

Berberry. 

Plants  of  this  genus  are  very  useful  for  hedges,  and  are  very 
ornamental  when  placed  singly  on  the  lawn.  They  also  make  good 
plants  for  the  border.  Young  plants  introduced  into  Montana  at 
this  altitude  may  have  the  terminal  shoots  killed  for  a  few  years 
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but  they  seem  to  become  acclimated  after  a  while  and  are  perfectly 
hardy.  With  these  as  with  all  other  plants  it  is  much  better  and 
safer  to  get  stock  from  northern  nurseries,  or  from  plants  matured 
in  cold  climates. 

American  barberry.   (Berberis  Canadensis.  Mill.) 

Rather  small  growing  species  from  one  to  thre  feet  high,  witk 
blackish  purple  leaves.    Seems  to  be  hardy. 

Common  barberry.  (Berberis  vulgaris,  Linn.). 

Plant  growing  from  4  to  8  feet ;  racemes  pendulous  with  many 
yellow  colored  flowers.  This  is  a  very  handsome  plant  in  the  spring 
with  its  golden  yellow  flowers  and  bright  gjeen  leaves. 

Piuple-leaved  Barberry.  {Berberis  vulgaris  atropurpurea  Rgl.) 

This  is  a  plant  closely  resembling  the  above  except  the  leaves 
are  a  deep  purple.  Both  seem  to  be  hardy  after  becoming  acclim- 
ated. 

VEGETABLES. 

The  following  varieties  of  vegetables  were  grown  in  the  experi- 
mental gardens  this  year.      It  is  intended  to  publish  in  bulletin  forn/ 
♦  in  the  near  future  what  data  has  been  gathered  on  vegetable  growing 
and  this  report  will  show  only  the  general  results  of  the  past  year 

BEANS. 

From  forty-three  varieties  of  beans  tested  this  year  the  following 
seven  gave  the  largest  yield  of  green  or  snap  beans  per  acre : 

Large  White  Kidney: — ^Vines  rather  large  for  the  bush  beans, 
with  large  green  pods,  not  free  from  string  even  when  quite  youngs 
and  for  this  reason  may  not  be  so  desirable  as  some  others. 

Davis  Dwarf  White  Wax: — Small  vines  but  very  productive^ 
producing  large  pods  which  are  distinctly  tough  and  stringy. 

Best  of  All: — Large  vine  producing  many  pods  which  are  tough 
and  stringy. 

Golden  Eyed  Wax: — Large  vines  very  productive.  Pods  wax 
colored  and  quite  free  from  strings ;  very  good  for  home  or  market 
);iirposes. 

Kccney's  Rustless  Golden  Wax: — I^arc^e  vines  very  i)roJnrtive 
throwing  out  long  trendrils.  Pods  large,  light  colored,  and  dis- 
tinctly free  from  strings  and  of  fine  quality.  All  things  considered 
this  is  probably  the  best  variety  for  string  or  snap  beans  tested. 

Crystal  White  Wax: — Vines  large  and  spreading  with  many 
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Stems.  Pods  rather  small  and  produced  in  great  profusion.  Not 
free  from  strings  when  old. 

Wardwell's  Kidney  Wax: —  Vines  very  large  with  rather  few 
stems.  Pods  medium  size,  wax  yellow  and  produced  in  great  abun- 
dance.     Distinctly  free  from  strings. 

BEETS. 

Three  varieties  of  beets  were  grown,  viz. :  Crimson  Globe,  Black 
Red  and  Early  Model.  The  first  named  gave  the  largest  yield  per 
acre,  but  is  not  as  early  a^  either  of  the  other  two. 

CABBAGE.  .  .. 

*  Cabbage  is  one  of  the  most  profitable  garden  crops  grown  and 
often  by  a  careful  selection  of  varieties  the  yield  may  be  doubled 
with  the  same  care  and  management.  It  is,  therefore,  very  important 
to  give  careful  attention  to  the  selection  of  varieties.  In  the  test 
of  this  year  12  varieties  of  cabbage  were  included.  The  earliest 
were  Early  Spring,  Early  Base-ball,  and  Early  Jersey  Wakefield. 
The  varieties,  Succession  and  Early  Summer,  while  a  few  days  later, 
are  much  better  for  market  purposes,  producing  more  solid  and 
larger  heads  and  remaining  in  marketable  condition  for  a  longer 
i«rriod. 

The  late  cabbages  are,  however,  the  most  profitable  but  on  ac- 
couHt  of  insect  enemies,  especially  the  cabbage  aphis,  the  crop  has 
been  smaller  than  usual  for  the  past  year.  Throrough  spraying  with 
kerosene  emulsion  or  tobacco  solutions  will  hold  the  aphis  in  check. 

This  year's  test  shows  that  Danish  Round  Head,  Late-Ston- 

head  and  Late  Flat  Dutch  are  the  best  varieties  to  grow  for  the  late 
crop,  thus  confirming  the  tests  of  previous  years. 

CORN. 

Ten  varieties  of  early  sweet  corn  were  tested  in  the  experimen- 
tal plots  during  the  past  season. 

Golden  Bantam: — A  small  plant  about  four  and  a  half  feet 
high  with  a  rather  short  stalk  which  develops  ears  early. 

The  ears  average  about  six  inches  long  and  are  of  good  quality 
Produced  roasting  ears  August  25. 

White  Cob  Cory: — Plant  5  ft.  high,  vigorous,  with  stout  stalk 
bearing  two  or  more  ears  which  average  about  six  inches  in  length. 

Very  good  in  quality.      Ears  first  usable  August  22. 

No.  III.  Seed  obtained  from  Mr.  C.  C.  Willis,  Plains,  Mon- 
tana, where  it  has  been  grown  for  a  number  of  years.    Plant  about 
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four  and  one-half  feet  high,  hardy  and  produces  ears  "about  six  inches 
lon^.  Quality  very  good.  Ears  first  usable  August  i8.  This  vari- 
ety resembles  very  closely  the  White  Cob  Cory  but  seems  to  be  a 
little  hardier  and  early. 

Extra  Early  Cory: — Very  similar  to  wKite  Cob  Cory.  Ears 
first  usable  August  22. 

Earliest  Sheffield: — Plant  six  and  one  half  feet  high,  strong 
and  vigorous,  but  did  not  produce  ears  fit  for  use  before  frosts. 
Apparently  too  late  for  this  altitude. 

First   of   All: — Plant    5    feet   high;    slender   stalk,   producing 
usually  one  ear,  about: six  inches  long.     Ears  first  usable  August  22. 

Early  Fordhook: — Plant  5  feet,  stalk  slender,  producing 
usually  one  ear  to  a  stalk.  Ears  about  6j4  inches  long  and  of  good 
quality.     Ears  first  usable  August  22. 

Peep  O'Day: — Plant  four  and  one  half  feet  high,  stalk  rather 
slender,  producing  usually  one  ear  to  each  stalk:  Ears  six  inches 
long  and  of  good  quality.     Ears  first  usable  August  18. 

Voorhees  Red: — Plant  very  vigorous  and  thrifty  but  too  late 
for  this  altitude.     Did' not  produpe  usable  ears. 

Wills  Early  June: — Plant  four  feet  high;  stalk  slender,  produc- 
ing usually  one  ear  to  a  stalk.  Ears  five  and  one  half  inches  long 
and  of  very  good  quality.     Ears  first  usable  August  18. 

ONIONS. 

Thirteen,  varieties  of  onions  were  planted  in  three  different  plots, 
as  follows: 

First: — Seeds  were  sown  in  flats  in  the  greenhouse  April  30, 
and  transplanted  into  the  open  May  21. 

Second : — Seeds  were  sown  out  of  doors  May  14. 

Third: — Seeds  were  sown  out  of  doors  May  21.  The  following 
table  gives  in  detail  the  results. 
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Variety. 

Average  weight 
in  ounce  per 
bulb  No.  1. 

Average  weight 
in  ounce  per 
bulb  No.  2. 

Average  weight 
In  ounce  per 
bulb  No.  8. 

Yellow  Globe  Danvers 

2.789 

4.752 

3.047 

3.68 

4.813 

3.911 

4.815 

3.773 

3.133 

5.309 

4.590 

3.196 

2.686 

3.884 

2.632 
3.756 
2.574 
2.133 
2.666 
2.191 
2.534 
2.666 
2.106 
2.966 
2.306 
1.129 
1.142 

2.444 

Prize  Taiker 

Large  Red  Globe 

2.382 
2.066 

White    Silver   Skin 

1.860 

Golden  Globe 

2.54 

Yellow.    Dutch 

2.248 

Bxtra  Early  Red 

2.156 

Southport  Large  Yellow  Globe 

Large  Red  Wethersfleld 

2.694 
2.071 

Australian  Brown 

2.96 

Extra  Early  Australian  Yellow  Globe. 
Large  White  Globe 

2.608 
2.24 

New  Mammoth  Silver  King 

.6 

Average 

2.369 

2.221 

These  results,  as  in  previous  tests,  show  that  there  is  a  decided 
gain  made  in  yield,  by  transplanting  onions  from  an  early  seed  bed. 
The  above  table  also  indicates  that  early  sowing  of  seeds  out  of 
doors  will  give  better  results  than  late  sowing. 
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IRRIGATION  DEPARTMENT. 


J.  S.  BAKER,  Irrigation  Engineer. 


The  work  of  the  Irrigation  Department  for  the  past  year  has 
been  conducted  for  the  greater  part  in  co-operation  with  the  U.  S. 
Department  of  Agriculture  and  with  the  State  Engineer  of  Montana. 

CO-OPERATION  WITH  THE  IRRIGATION  AND  DRAINAGE 
INVESTIGATIONS  OF  THE  U.  S.  DEPARTMENT 

OF  AGRICULTURE. 

By  agreement  between  the  Honorable  Secretary  of  Agriculture 
a:id  the  Director  of  the  Experiment  Station  definite  lines  of  work 
were  carried  on  in  Gallatin,  Ravalli  and  Yellowstone  counties.  The 
essential  part  of  the  agreement  is  here  given: 

That  co-opt»nitive  investigations  shall  be  conducted  in  the  State 
of  Montana,  by  l)oth  parties  to  this  agreement  during  the  fiscal 
year  tn^ginning  July  1st,  11K)4  on  the  following  named  branch(»s  of  ir- 
rigation and  drainage: 

(1 }  To  determine  the  relation  ))etween  crop  yield  and  amount  of 
water  applied  in  irrigation,  by  exi)eriments  on  plats  and  also  in  tanks 
on  the  farm  of  th(»  Montana  PJxperinient  Station. 

2.  A  study  of  dry  farm  methods  in  C?>sca(le,  Beaverhead  and 
Gallatin  counties. 

'6.  Experiments  to  determine  the  eff(»ct  of  winter  irrijj:ation  in 
Montana. 

4.  A  continuation  of  the  experiments  on  the  duty  of  water  under 
one  or  more  canals  of  Yellowstone,  Ravalli  and  (xallatin  counties. 

5.  Drainage  investigations  on  an  experimental  tract  near  Bill- 
ings, Montana. 

The  data  for  most  of  these  reports  are  too  extensive  and  yet  not 
sufficiently  complete  to  be  given  in  this  report  and  will  later  be  pub- 
lished as  separate  bulletins. 
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DUTY  OF  WATER  EXPERIflENTS. 

IN  GALLATIN  VALLEY. 

Duty  of  watc-  experiments  were  conducted  in  the  Gallatin  \'al- 
ley  following  what  lias  been  done  in  years  previous  so  that  more 
complete  data  might  be  obtained.  The  canals  tested,  were  the 
High  Line  Canal  of  the  \\\,st  Gallatin  Irrigation  Company,  the  Cam 
eron  Canal,  and  the  Middle  Creek  Lan^i.  Registers  of  gage  hight 
were  placed  in  the  rating  flumes  and  records  of  the  flow  determined 
for  the  entire  season. 

The  twelve  tanks  used  formerly  on  the  Experiment  Station  farm 
for  a  more  exact  determination  of  the  relation  of  soil  moisture  to 
crop  yield  were  used  again.  Barley  was  sown  on  the  six  tanks 
which  were  fallow  during  the  year  1903  and  those  which  produced 
crops  in  1903  were  allowed  to  remain  fallow  during  1904. 

Tests  were  conducted  in  the  field  on  seven  plats  of  alfalfa,  six 
plats  of  potatoes,  six  plats  of  barley  and  seven  plats  of  wheat.  The 
water  was  measured  to  the  plats  through  a  Cippoletti  weir  0.6  of  a 
foot  in  length.  Embankments  were  thrown  up  around  each  separate 
plat  to  prevent  the  water  from  wasting.  So  that  an  accurate  deter- 
mination of  the  actual  quantity  of  water  was  obtained. 

IN  YELLOWSTONE  VALLEV. 

The  experiments  were  a  continuation  of  the  experiments  of  1903 
on  the  Big  Ditch.  Daily  gage  hight  observations  were  made  dur- 
ing the  entire  season  and  the  quantity  of  water  accurately  determin- 
ed. The  areas  were  surveyed  by  Messrs.  Tavenner  &  Morris  by 
transit  and  stadia  during  the  summer  of  1903. 

IN  BITTER  ROOT  VALLEV. 

In  the  Bitter  Root  Valley  the  experiments  were  this  year  con- 
fined to  the  Bitter  Root  Stock  farm  where  Mr.  M.  D.  Kippen.  en- 
gineer, kept  records  of  the  daily  gage  bights  and  the  discharge  of 
seventeen  stations.  All  the  work  of  computation  was  done  in  this 
office  and  the  results  were  given  to  Mr.  Kippen  in  exchange  for  his 
services. 
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DRAINAGE  INVESTIQATIONS. 

In  the  best  farming  district  in  the  Yellowstone  Valley  above 
Billings  there  are  thousands  of  acres  of  land  rendered  entirely  un- 
productive by  the  appearance  of  water  and  white  alkali  at  the  sur- 
face of  the  ground.  Wherever  these  two  elements  appear  at  the 
surface,  the  crops  are  entirely  destroyed  and  the  milk  weed  flags  and 
Scotch  thistle  take  their  place. 

A  tract  consisting  of  about  300  acres  was  selected  on  the  home 
ranch  of  the  Custer  Cattle  Company  and  Ed  O'Donnell's  ranch 
about  three  miles  southwest  of  Billings.  It  was  proposed  primarily 
to  drain  the  water  from  the  land  and  incidentally  remove  the  alkali. 
Accordingly  topographic  surveys  were  made  and  a  system  of  drains 
laid  out.  These  were  constructed  so  far  as  the  time  and  means  at 
disposal  permitted,  and  the  drains  thus  laid  amounting  to  10.000 
feet  in  length  are  working  satisfactorily  and  discharging  great  vol- 
umes of  strongly  alkali  water. 

The  engineering  was  done  by  the  irrigation  department — the 
expense  being  equally  borne  by  the  Experiment  Station  and  the  U. 
S.  Irrigation  and  Drainage  Investigations.  All  of  the  materials  for 
the  drains,  and  the  work  of  digging  trenches,  pumping,  building 
pipe,  and  backfilling  was  done  by  the  Custer  Cattle  Company  and 
Mr.  O'Donnell. 

CO-OPERATION  WITH  THE  STATE  ENGINEER. 

Through  an  act  of  the  Eighth  Legislative  Assembly  of  the  State 
of  Montana  the  office  of  State  Engineer  was  created.  By  the  pro- 
visions of  this  act  he  was  empowered  and  required  to  act  in  co- 
operation with  the  U.  S.  Geological  survey  and  the  Experiment  Sta- 
tion. Accordingly  an  agreement  was  entered  into  to  guage  the  small 
streams  of  the  Gallatin  Valley.  The  State  Engineer  furnished  Siooo 
and  the  Experiment  Station  $200  together  with  the  services  of  the 
Irrigation  Engineer. 

Guaging  stations  were  established  on  eight  of  the  smaller 
streams  as  follows:  Little  Bear  Creek,  Big  Bear  Creek,  Cotton\V(X)d 
Creek,  Middle  Creek,  Bozeman  Creek,  Rocky  Canyon  Creek,  Bridg- 
er  Creek  and  Pass  Creek. 

Sufficient  data  has  not  yet  been  collected  to  make  a  rating  of 
the  streams  and  the  matter  will  have  to  appear  in  a  later  report. 
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DISCHARGE  OF  THE  PRINCIPAL  RIVERS  OF  THE  STATE. 

Through  the  kindness  of  the  engineers  of  the  U.  S.  Retlamation 
Service  and  especially  of  Mr.  George  E.  Stratton,  engineer  in  charge 
of  the  Madison  River  project,  and  Mr.  Stockman,  the  following  ta- 
bles give  the  discharge  measurements  and  the  estimated  monthly 
discharge  of  many  of  the  principal  rivers  in  the  state. 

DISCHARGE    MEASUREMENTS   OF   ST.   MARY  RIVER  AT  DAM  SITE, 

NEAR  ST.  MARY.  MONTANA,  IN  1904. 


Date 


iVi&y^  v........ 

June  8 

July  11 

July  24 

August  31 

November  18. 


Hydrographer. 


L.  R.  Stockman. . . 

W.  B.  Freeman 

Robert  Follansbee. 
W.  B.  Freeman... 
W.  B.  Freeman . . . 
L.  R.   Stockman . . . 


CD  Cf 


91 
101 
100 
9G 
87 
49 


o       »» 

F 


202 
360 
309 
202 
135 
46 


Mean 
Velocity. 
Ft.  per 
Second. 

Oage 

Hlght. 

Feet. 

4.34 
5.91 
5.73 
4.21 
3.27 
1.34 

3.13 
4.73 
4.30 
3.20 
2.42 
1.251 

gS2 


878 

2,130 

1,771 

851 

442 

62 


ESTIMATED  MONTHLY  DISCHARGE  OF  ST.  MARY  RTVER  AT  DAM  SITE, 

NEAR   ST.    MARY,    MONTANA,    1902-1904. 
(Drainage  area  177  square  miles.) 


Month. 
1902. 


Discharge  In  cubic  ft. 
per  second. 


B 
.... 

s 

c 
a 


January  a. 
February  a 
March   a... 

April   b 

May    

June 

July 

August 

September. 

October 

November. . 
December. . 

The  year. 


B 
B 


Run-off. 


223 

120 

4,000 

190 

3,760 

950 

4,3G0 

1,160 

1,160 

565 

515 

258 

258 

190 

190 

127 

O 


> 
Q 


o9 


110      6 

120      6 

100      6 

146,     8 

1,7291106 

1.862  110 

2,164133 

7851  48 

342    20 

221    13 

156      9 

130      7 


655  477.913 


a 


a 
n 

XT 
n 


0.71 

.71 

.65 

.91 

11.26 

11.74 

14.10 

5.12 

2.15 

1.44 

.98 

.84 

50.61 
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FSTIMATEID  MONTHLY  DISCHARGE  OP  ST.  MARY  RIVER  AT  DAM  SITE, 

NEAR  ST.  MARY,  MONT.,  1902-1904— Continued. 


Month. 
1903. 


1908. 
January  d. . . 
February   d. 

March  dl 

April 

May 

June 

July 

August 

September. . 

October 

November. . . 
December  e. 


The  year. . 

1904. 
January  f . . 
February  t 
Mareh  f  . . . 
April  i  .... 

May 

June    

July 

August 

September. 

October 

November. . 
December  f 


The  year, 


Discharge  In  cubic  ft. 

!        H 

'        Run 

per   second. 

3tal  in  acre- 

4 

■ 
Maximum 

0 

B 

a 

B 

S 

Cubic  ft 
per  squ 

r 

per  second 
are     mile. 

o 

XT 

m 


3,640 


5,718 

3,999 

3,505 

7,676 

46,685 

187,676 

112,645 

52,879 

38,261 

39,721 

22,552 

18,753 


.53 

.41 

.32 

.73 

4.20 

17.82 

10.35 

4.86 

3.63 

3.65 

2.14 

1.72 


740 

2 

,110 

2 

,390 

1 

,930 

810 

620 

258 

127 

72 

50 

743 

120 

80 

801 

20 

.    216, 

810 

l,220l 

1750 

2,0211 

810 

'1,450 

420 

689 

258 

362 

127 

205 

70 

91 

50 

Mi 

549 

539,0701       4.20 


7,379 
4,602i 

4,919' 

12,853 

75,015 

120,258 

89,526 

42,365 

21,541 

12,605 

5,415 

3,136 


999,614 


*  .68 
.45 

,45 

1,22 

6,89 

ll,42i 

8,23; 

3,89l 

2,05 

1,16 

,51 

.29 


3,19 


57a^ 

,78 

,49» 

.52 

1.36 

7.49 

12.74 

9.4» 

4.48 

2.2» 

1.34 

,57 

.33 

44.23 


a. 
b. 
cr. 
d. 

e. 
i. 


Estimated  by  C.  C.  Babb. 

April  .1 — 8,  estimated  by  C.  C.  Babb. 

Frozen  December  7  to  25,  1902.     Mean  estimated  by  C.  C.  Babb. 

Probable  ice  conditions   during  January,   February   and   March.    Rating 

table  has  been  applied  as  for  open  channel. 
December  11  to  31,  1903,  estimated  by  C.  C.  Babb. 

Frozen  January  1  to  10,  January  20  to  April  2,  and  December  22  to  31. 
*  Means  for  January,  February,  March,  and  December  estimated  by  C.  C> 

Babb. 
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MONTANA  EXPERIMENT  STATION. 


DISCHARGE  MEASUREMENTS  OF  ST.  MARY  RIVER  AT  INTERNATIONAL 
LINE,  NEAR  CARDSTON,  ALBERTA,  IN  1903  AND  1904. 


Date. 

11W3 

Hydographer. 

Width. 
Feet. 

Area  of 

Section. 
Sq.  feet. 

Mean       ■    • 
1       Velocity. 
Feet 

per  sec. 

Gage 

Hlgfat. 
Feet. 

Discharge. 
Cubic  ft. 
per  second. 

May  11 

F.  M.  Brown 

*t 
C.  T.  Prall... '.'.'.'.".'.'.* ...v. 

L.  R.   Stockman 

W.  B.  Freeman 

Robert  Follansbee 

W.  B.  Freeman 

130 
130 
130 
173 
170 
141 
135 

132 
161 
153 
135 
.123 

270 
286 
286 
a  680 
*  590 
407 
351 

326 
517 
427 
318 
232 

4.19 
3.79 
3.93 
8.75 
7.40 
•4-.2B 
3.77 

• 

4.10 
6.36 
5.78 
3.81 
2:62 
.80 

4.7t> 
4.76 
4.76 
7.05 
'6.55 
5.20 
4.80 

4.88 
6.02 
5.60 

1.131 

May  11 ; 

1,085 

May  11 

1,125 

June  5 

5,953 

June  23 

4,406 

AUinist  3 

1,730 

October 

1.325 

1904. 
May    10 

1.337 

June   9 

July   12 

3,288 

2.468 

July    30 

4.82'1.213 

September    3 

4.03 
2.45 

608 

November    19 

L.  R.  Stockman 

95 

119 

96 

a.    Recomputed,  using  standard  section. 
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ESTIMATED  MONTHLY  DISCHARGE  OF  ST.  MARY  RIVER  AT  INTEJR- 
NATIONAL  LINE,  NEAR  CARDSTON,  ALBERTA.   1902—1904. 


Month. 


1902. 
September. . 

October 

November. . 
December. . 

The   period . 

1903. 
January    a.. 
February   a, 
March    a. . . 

April 

May 

June J 

July 

August 

September. . 
October. . . ; 
iNOvember. . 
Decenuber. . 


The   year. . . 

1904. 
January   b.. 
February,  c. 
March  c : . . . 
April    d.;... 

May 

June   

July 

August 

September. . 

October 

November  c 
December  c. 

The  year. . . 


Discharge  In  cubic  ft. 

per  second. 

^ 

,    g 

B 

^^* 

u 

E 

% 

B 

5 

a 

c 

s 

B 

9 

P 

• 

O 


% 


Run -off. 


CQO 
CD  CQ  • 


a 

01 


747 

198 

(>04 

G08 

306 

477 

410 

174 

342 

1.755 

255 

1  092 

1.105 
1,155 
2,755 
2.565 
3,060 
6,175 
4.853 
1.900 
2,300 
1,687 
870 
675 

6.1751 


575 

410 

827 

365 

870 

4,075 

1,900 

1,105 

710 

575 

365 

288 


288 


288 


3,273 

3,493 

2,565 

1.208 

640 

288 

136 

240 


174 


1,260 
2,135 
1,208 
575 
288 
144 
109 
128 


35,940 
29,330 
20,350 
67,144 

152.764! 


1.34 

1.06 

.76 

2.42 


1.50 

1.22 

.85 

2.79 


855 

913 

1,269 

1,068 

1,720 

5,200 

2,924 

1,4041 

1,109; 

917 

535 

438 


52.572 

50,705 

78,028 

63,550 

105.759 

309, 4?1 

179,790 

86,329 

65,990 

50.384 

31,835 

2U.931 


1.89 
2.02 
2.81 
2.36 
3.81 
11.50 
6.47 
3.11 
2.45 
2,03 
1.18 
.97: 


2.18 
2.10 
3.24 
2.63 
4.39 
12.82 
7. 46 
3.59 
2.73 
2.34 
1.32 
1.12 


1,5291,107.2941     3.38    45.92 


224 

200 

200 

935 

2,022 

2,794 

1,860 

931 

420 

213 

122 

157 


13,773 

11,504 

12.298 

55,636 

124,328 

166.255 

114,367 

57,245 

24,992 

13,097 

7.260 

9.054 


.50. 
.44 
.44' 
2.07, 
4.47; 
6.18 
4.12 
2.06 
0.93 
.47 
.27 
.35 


.58 

.47 

.51 

2.31 

5.15 

6.90 

4.75 

2.37 

1.04 

.54 

.30 


40 


840      610.409       1.86    25.32 


a.  Probable  ice  condition  January,  February  and  March.    Rating  table  ap- 

plied as  for  open  channel. 

b.  River  frozen  January  18  to  31,  table  applied  as  for  opeai  channel. 

c.  Mean  for  month  estimated  by  Mr.  C.  C.  Babb. 

d.  Ice  gorge  April  5  to  10.     Mean  computed  from  April  11  to  30  is  assumed 

as  mean  for  entire  month. 


256 


I 


MONTANA  EXPERIMENT  STATION. 


ESTIMATED  MONTHLY  DISCHARGE  OF     SWIFTCURRBNT     CREEK  AT 

HENKEL'S  RANCH.  NEAR  ST.  MARY,  MONTANA,  FOR  1903 

AND  1904.  a 
(Drainage  area,  101  square  miles.) 


Month. 
1903. 


Discharge  in  Cubic  Ft. 

per  second. 

^ 

S          S 

B 

ts 

ft 

B 

5 

C3 

• 

G 

G 

B 

• 

B 

• 

January  b  . 
February  b 
March  b  . . . 

April 

May 

June  c  

July 

August 

September. 

October 

November. . 
December  d 

The   year.. 

1904. 
January  e  . 
February  e 
March  e  . . . 

April 

May 

June 

July 

AHsnat 

S^Htenaber. 

October 

Xoveipber  e 
December  e 

The  y«ir. . . 


9 


Run-off. 


or*  s- 

a?2: 
Si 


G  cr 

5" 
o 

ar 

OB 


G7 

52 

78 

325 

1,180 

2.G30 

1,105 

475 

1.340 

535 

740 

219 

2iti60 


810 

1,500 

1,540 

845 

348 

234 

101 

90 

3G 


45 

45 

45 

40 

1G2 

1,180 

420 

325 

190 

190 

112 

136 


50 

4G 

50 

100 

465 

1,885 

708 

389 

421 

.277 

256 

166 


3,074 

2,555 

3,074 

5,950 

28,592 

112,165 

43,532 

^3  918 

25,052 

17,033 

15,233 

10,207 


40.       401290,385 


CO, 
420 
568 
348 
176 
80, 
20 
17| 
17, 


50 

40 

40 

280 

749 

972 

553 

290 

128 

.62 

.36 

23 


269 


3 

2 

2 

16 

46 

57 

34 

17 

7 

3 

2 

1 


,0.74 

,301 

,460 

,661 

,054 

,838 

,003 

,8S1 

.616 

,812 

.142J 

,414 


-T— r 


195,200 


0.501 
.46 
.50 
.99 
4.60 
18.66 
7.01, 
3  85i 
4.17' 
2.74 
2.53 
.1.64 

"3.97 


.50 

.40 

.40 

2.77 

7.42 

9.62 

5.48 

2.87 

1.27 

.61 

.36 

.23 

2.66 


0.58 

.48 

.58 

1.10 

5.30 

20.82 

8.08 

4  44 

4.65 

3. 16 

2.82 

1.89 

&3.90 


.68 

.43 

.46 

S.09 

8.55 

10.73 

6.32 

3.31 

1.42 

.70 

.40 

.26 


36.25 


a. 


b. 
c. 
d. 
e. 


1902  rating  table  applied  from  January  1  to  April  24,  1903.  1904  rating  table 
applied  from  April  25,  1903-1904,  after  adding  0.3  foot  to  gage  heights  April 
25  to  June  7,  1903. 

Probable  ice  conditions.    Rating  table  applied  aa  for  open  chann^. 

June  8 — 16  estimated. 

December  22 — 31,  estimated. 

Means  supplied  by  C.  C.  Babb.  River  frozen,  with  the  exception  of 
January  12  to  19,  and  November  1  to  19. 
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DISCHARGB   MEASUREMENT    OF    KENNEDY    CREEK   NEAR   WETZEL^ 

MONTANA,  IN  1904. 


Date. 


Hydrographer. 


SI 

p 

Gage 
Mean 

o 

< 

? 

QQ 

%   %\ 

S 

i.     ^ 

rt- 

e*- 

o 

VJ 

^ 

CO 

OQ 

r^ 

*£) 

per 

A 

«♦• 

or 

• 
• 

g 

on 

<^ 

O 

c 


»^ 


»T3 
CZi 


May  9 

June  8 

July  12 

July  30 

September  3. 
November  18 


L.  R.  Stockman . . . 
W.  B.  Freeman... 
Robert  Follansbee. 
W.  B.  Freeman... 
W.  B.  Freeman . . . 
L.  R.  Stockman. .. 


51; 

58 

2.49 

6.13 

.     59! 

92 

3.66 

6.63 

59! 

81 

2.04 

6.40 

49; 

46 

1.786.03 

46; 

39 

1.235.87 

37; 

27 

.96 

5.61] 

145 

337 

165 

82 

48 

26 
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MONTANA  EXPERIMENT  STATION. 


DISCHARGE  MESASUREMBNTS  OF  MISSOURI  RIVER  NEAR  TOWNSEND, 

MONT.,  IN  1904, 


Date. 


Hydrographer. 


April    15 
May   24. 


A.   E.   Place 

W.   B.   Freeman 


431 
404 


90 


% 

o 

» I 

I 


S 


I 


2.145 
3,475 


ft 


►»5 


ft 


9» 


3.45  5.12 
6.4517.89 


ae 
ft_ 

-i 


5* 


i73 


7.419 
22.405 


ESTIMATED  MONTHLY  DISCHARGE  OF  THE  MISSOURI  RIVER  NEAR 

TOWNSEND.  MONT.,  FOR  1904. 
(Drainage  area,  14,500  sq.  miles.) 


Month. 


January. . 
February. 


March,  lo-31  inc. 

April 

May 


Discharge  in  Cubic  Ft. 
per  second. 


c 
B 


5 


•-a 
Q 


Run  off. 


D 


cr 

m 


5,2G0 
13,440 
25,410 


2.490 

3,950 

10.655 


♦2.700100,016 
*2, 700,155, 306 


o",947 

7.318 

1,G72 


242,692 
435,451 
902,146 


0.186. 
.186, 

.272 

.505 

1.012 


0.214 
.201 

.314 

.563 

1.167 


*  Estimated.     ^Mean  for  17  days  taken  as  mean  for  entire  month. 
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DISCHARGE  MEASUREMENTS  OF  MISSOURI  RIVEZR  AT  CASCADE,  MON- 

TANA,  IN  1904. 


Date. 


Hydrographer. 


:s 

^ 

1 

<• 

o 

!-»» 

^ 

rB 

03 

Jl 

e^ 

»rf. 

O 

3 

>• 

QQ 

• 

»«3 

<p 

A 

«♦• 

• 

< 


e^ 
^ 


00 


a 


ct- 


an 

c 


A.  E.  Place 

L.  R.  Stockman. 
E.  C.  Murphy. . 
W.   B.   Freeman 


April  13 

May   28 

June  3 

June  11 

July    27 

August  16 

r?e^jtember  12. . . 

November  10 |  L.  R.  Stockman 


!73 
489 
4GG 
4GG 
3GG 
342 
348 


3,0L0 

2.19 

5.52 

4,823 

4.77 

9.40 

4.767 

4.29 

9.24 

4,383 

4.09 

8.45 

2.929 

1.90 

5.15 

2.447 

1.05 

3.90 

2,381 

.95 

3.80 

2,664 

1.43 

4.52 

6,714 

23,026 

20,437 

17,753 

5.552 

2,571 

2,255 

3,805 


ESTIMATED  MONTHLY  DISCHARGE  OF  MISSOURI  RIVER  AT  CASCADE 

MONTANA,  FOR  1904. 
(Drainage  area,  18,295  sq.  miles.) 


Month. 


Discharge  in 

cubic    1 

ft.  per  second. 

"S* 

*> 

►^ 

*— « 

»-^ 

C8 

to.. 

m 

'A 

3 

3 

g 

3 

3 

P 


ft 
I 


Run-off. 


2 

9 

c 

*^ 

B- 

»^ 

M. 

c* 

r^ 

*^ 

-1 

ft 

oo 

(t 

% 

m 

GB 

■ 

*n 

» 

72 


January . 
February 
March . . . 
April 


12,830 


5.150 


»G.uoO 

*6,000 

*G,000 

8.409 


May ;21 ,710,12 .090,14 ,925 


June 

July 

August 

September, 
October. . . 
November. 
December. 


The  year. 


20,600.11.350 


11,350 
3,480 
2,380 
3,000 
3. COO 
4,490 


3.  COO 
2,305 
1,915 
2,465 
3,260 
2.740 


10,660 
7.436 
2,898 
2,167 
2.979 
3,416 
3.597 


3o8,U:io 
345.124 
308.926 
500.370 
917.702 
991.339 
457,222 
178,191 
128,946 
183.172 
203,266 
221,171 


6.707  4,864.355 


U.326 
.328 
.328 
.460 
.816 
.911 
.406 
.158 
.118 
.163 
.187 
.197 


U.378 
.364 
.378 
.513 
.941 

1.016 
.468 
.182 
.132 
.188 
.209 
.227 


.367    4.986 


^E^stimated. 
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MONTANA  EXPERIMENT  STATION, 


DISCHARGE   MEASUREMENTS   OF   MADISON   RIVER     NEIAR     NORRIS, 

MONTANA,   IN   1904. 


Date. 


Hydrographer. 


April  19... 
May  14.... 
June  14 . . . 

July  6 

July  19..., 
August  23. 

October  28 


> 

V 

S 

f 

S 

c 

-** 

03 

<^ 

% 

f 

f 

kM« 

^rtfl 

c»- 

o 

V- 

B 

»« 

N« 

t?» 

m 

ft- 

•s 

<S 

-% 

c*- 

» 

fS 

r5 

p 


as 
3"   ■      -a 

2    '     -* 


I  1 


A.  a  Place 

W.  B.  Freeman 

t< 

«< 

<f 

W.  B.  Freeman  and 

R.  Follansbee 

L.  R.  Stockman .... 


476 
557 
854 


4.18 
4.28 
G.51 
623,5.04 
49314.43 


397 
404 


3.60 
3.61 


1.50  1,989 
1.912,384 


2.87 
2.10 
1.78 
1.48 


5,558 
3,140 


77 

80 

130 

75 


2.186|  20 
1,427;   IS 


1.45il.459l  12 


*Add  dischargiQ  of  Cherry  Creek  to  that  of  Madison  to  get  endre  amount 
passing  gage. 


ESTIMATED  MONTHLY  DISCHARGE  OF  MADISON  RIVER  (INCLUDING 

CHERRY  CREEK)   NE^AR  NORRIS,  MONT.,  FOR  1904. 

(Drainage  area,  2,085  sq  miles. 


Month. 


Discharge  in  cubic 

ft.  per  second. 

\> 

& 

t*^ 

1-^ 

i.i^ 

^ 

S3 

rt 

X 

p 

3 

5 

0 

■4 

3 

^ 

January. 
February 
March  b 

April 

May 

June 

July 

August. . 
September 


1,765,  1.100 
2,010  1,100 
6,735  2,010 
6,735,  3,855 
3,856t  1,755 
1,7551   1,410 


1,620 


October \M^ 

November \,^m 

December 


The  year. 


1,300 
1,300 
1,300 


a  1,200 
;  1,200 
l,288i 
1,433 
3,745 
5.610 
2,607 
1,532 
1,355 
1,346 
1,300 
a  1.200 

1.990 


o 


t 


Run -off. 

2! 

o* 
•r. 


CD 
9 


9 
o 


V3,7850 

69.025 

79,196 

85.269 

230,271 

3.33.818 

163.988  1 

94,199 

80,628 

82,762 

77,355 

73.785 


.576 
.576 
.618 
.687 
.796 
.691 
.279 
.735; 

.650; 

.646 
.624, 
.576! 


0.664 

.621 

.712 

.7b6 

2.071 

3.002 

1.475 

.847 

.725 

.745 

.696 

.664 


1.444*0811    -95412.988 


a.  Estimated  by  C.  C.  Babb. 

b.  March  6 — 13  inclusive,  March  23,  24.  25,  estimated. 

c.  Mean  for  26  days  taken  as  mean  for  month. 
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DISCHARGE  MEASUREMENTS  OP  WEST  GALLATIN  RIVER  AT  SALES- 

VILLE,  MONT.,  IN  1904. 


• 

ss 

> 

'-.- 
^1^ 

^ 
s 

c 

N" 

^ 

e^ 

% 

:3 

"S 

s 

% 

^ 

It 

«2 

Ul 

%■ 

% 

o 

ft 

o 

Date. 

Hydrographer. 

O* 

5' 

^ 

• 

• 

• 

f 

• 
• 
• 

m 

r»- 

Ul 

• 

QfQ 

• 
• 
• 
• 

• 

■ 

8 

• 

Mav    13 

VV.  B.  Freeman 

98 

311 

•   4.10 

4.21'l    •>?'7.^ 

May   31 

W.  B.  Freeman  and 

E.  C.  Murphy 1 

43 

587 

7.68 

6.33 

—  >■■•*' 

4.510 

Jane    13 

W.  B.  Freeman 1 

43 
36 
98 
91 

561 
448 
325 
221 

7.37 
5.79 
4.22 
2.45 

6.16 
5.18 
4.23 
3.34 

4.132 

Julv   5 

W.  B.  Freeman 1 

2.595 

JxUv  18 

\V.  B.  Freeman 

1,371 

August  22 

W.  B.   Freeman  and . . . 

542 

R.  FoUansbee 

87 

221 

2.22 

3.17 

October  27 

L.  R.  Stockman 

491 

ESTIMATED   MONTHLY   DISCHARGE  OF  WEST   GALLATIN   RIVER   AT 

SALBSVILLE,.  MONT..   FOR  1904. 
(Draini^e  860  square  miles.) 


^iOBtb. 


Discharge,  0\ibicr  Ft. 
per  Sec 


3 

3 


? 

r 


Run -off. 


c 

c 

d 

« 

a* 

T3 

MM. 

c*- 

A 

sr 

j^S 

«3 

1— t 

2. 

<p    « 

*     8 

• 

ai 

•« 

January   . . 
February   . 

March 

April 

May 

June 

July 

August .... 
September. 

October 

November, 
December. . 


The  Year. 


435 

435 

355 

1,310 

5,775 

5,700 

3,525 

920 

555 

525 

435 

400 

5,775 


335 
335 
320 
335 
1,065 
3,000 
965 
455 
455 
435 
400 
335 

320 


369 

351 

336 

612 

2,563 

4,400 

2.053 

653 

506 

482 

421 

372 

1,093 


22,689 

0.429 

20,190 

.408 

20,660 

.391 

36,416 

.712 

157,593 

2.9^0 

261,818 

5.116 

126,234 

2.387 

40,151 

.759 

30,109 

.588 

29,637 

.560 

25,051 

.490 

22,873 

.432 

793.421 

1.271 

0.495 

.440 

.451 

.794 

3.436 

5.708 

2.752 

.875 

.656 

.646 

.547 

.498 

17.298 
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MONTANA  EXPERIMENT  STATION. 


DISCHARGE  MEASUREMENTS  OF  GALLATIN  RIVER  AT  LOGAN,  MONT., 

FOR  1904. 


Date* 


April  16 
April  24. 
May  24.. 
May  30.. 


June 
June 
July 


18, 

27 

20. 


August 


20, 


A.  E.  Place 

A.  E.  Place 

W.  B.  Freeman .... 

W.  B.  Freeman  and 

E.   C.   Murphy... 

\V.  B.  Freeman .... 

W.  B.  Freeman 148 

W.  B.  Freeman 141 

W.  B.  Freeman 137 


150 
150 
150 
151 

152 


55GI2 
5G32 
945|5 
782,4 

885^4 
678  3 
4471 
294  1 


OB 

51 
01 
59 
2G 

99 
3G 
9G 
00 


2.34  1 
2. 45^1 
4.98  5 
4.083 

14.71^4 
,3. .30  2 
1.83 
i    .78, 


.399 
.467 
,280 
.330 

,418 

,278 

878 

294 


ESTIMATED  MONTHLY  DISCHARGE  OF  GALLATIN  RIVER  AT  LOGAN. 

MONT.,   FOR   1904. 
(Drainage  area  1805  square. miles.) 


lyischarge,  cubic  ft.  per 
sec 

t 

1 

14111:  off. 

Month. 

1 

PS 

c 

1-      S 

3 

■ 

— 1 

1 

i: 

■ 

•-1 

• 

I- 

m 

3 

January   (11-31) 

G70 

740 

880, 

1.980' 

5.400 

4,940 

2.325 

G05 

740 

740 

740 

955 

574O0 

385 
300 
385 
435 
1,770 
2.205 
G70 
230 
435 
705 
740 
635 

230 

a       4G2'   28.407 

524    30.141 

478    29,391 

1,1G9    C9,5G0 

2,772  170,444 

3,897231.888 

0.256 
.293 
.205 
.648 
1.536 
2.159 
.715 
.198 
.301 
.409 
.410 
.457 

0.637 

0.295 

February 

March 

April 

May 

.316 

.306 

.723 

1.771 

.Tune   

2.409 

July 

1.290 
357 
544 
738 
740 
825 

i     1.150 

79,319 
21.951 
32.370 
45.378 
44.033 
59,727 

!83.1.609 

;        .824 

August 

September 

October. . . ; 

'        .228 

.336 

j        .472 

November 

December 

The  Year  

.457 
.527 

,     8.664 

1     "^1             w . 
for  month. 

a.    Mean  of  January  11  to  31 

is  to 

iken 

as  mean 
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DISCHARGE  MEASUREMENTS  OP  JEFPEaiSON  RIVER  NEAR  SAPPING- 

TON,  MONT.,  FOR  1904. 


April  26 
May    18.. 
May  30... 
June  2d  a 


Julv  23  a  . . 
August  24  a 


November  1  b 


V.  E.  Place 

\V.  B.  Freeman 

\V.  B.  Freeman  and, 

E.  C.  Murphy 

VV.  B.  Freeman 

W.  B.  Freeman 

vV.  B.  Freeman  and. 

R.  Follansbee 

L.  R.  Stockman 


^ 

K' 

•- 

C"; 

o 

4 
tart* 

to 

P 

r*- 

3 

<b 

3* 

3- 

O 

P 

~ 

•-»i 

<- 

X 

/S 

* 

1] 

1 

3* 

DatA 

Hydrographer. 

o 

5= 

f 

$ 

3* 

• 

X' 

• 

1 

<b 

o 

r»- 

•^ 

OD 

S 

j^ 

• 

'(t 

• 

• 

a 

•• 

270,1,248 
2G3'1,3G0 
2C8  1,457 


250  1,041 


227. 
22); 

I 
26) 


4.10 
4.21 
4.77 

3.39 
7!j2:   1.78 


358 
574 


1.24 
1.80 


4.40.5.12C 
4.905,727 
5.430,949 

3.653.533 
2.391,358 
1.45      445 

2.00  1.032 


From  bridge  below  cable, 
station. 


b.    From  a  new  section  300  ft.  above  old  cabl€ 


ESTIMATED  MONTHLY  DISCHARGE  OF  JBFERSON  RIVER  NE2AR  SAF-^ 

PINGTON,   MONT..  FOR  1904. 
(Drainage  ao-ea  8984  square  miles. 


Month. 


January . . . 
February . . 
March  b  . . 

April , 

May 

June 

July 

August . . . . 
September. 
Ocrtcber. . . 
November. 
December. 


The  Year 


Discharge  cubic  ft. 

per  second. 

g 

X 

S 

B 

c 

5 

3 

B 

5 

• 

• 

1,860 
7,150 
9,240 
7,720 
3,445 
1,045 
630 
1,155 
1,580 
1,720 


1,210 

1,450 

5.0G0 

2,780 

1,045 

465 

545 

5451 

990, 

1,100, 


al.400j 
al.400; 
1.433. 
3,218' 
0,516' 
5,4  40 
2.055' 
006 

5';u| 

824| 
1,308; 
1,353; 


'-a 
o 

•-♦• 
to 


? 


80. 

88, 
191. 
400. 
323, 
126. 

37. 

33. 

50, 

77, 

83, 


0S3 

529, 

112 

4Sl 

0.-)3, 

702 

3)7; 

2';2' 

679 
6.16' 
831 
193 


Run-off. 


cr 


5^  t  o 


X 


(T> 


.156 
.15C 
.159 
.  •  J  5  8 
.725 
A'O'j 
.229 

.or;7 

.0G3 
.092 
.146 
.151 


O 

ft 


o 
cr 


.180- 
.186 
.183 
.399« 
.83t> 
.676: 
.264 
.077 
•  0701 
.106: 
.163" 
.174 


I      .....I     2,i77.1,579,55l|        .242      ;^296 

E^stimated.     b.     March  10  to  31  inc.     Mean  for  22  da}6  taken  as  mean  for 
month. 
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MONTANA  EXPERIMENT  STATION. 


DISCHARGE  MEASURBMENTS  OF     fiUN     RIVER     (North  Fork)     NEAR 

AUGUSTA,  MONT.,  IN  1903  AND  1904. 


Date. 


Hydrographer. 


1903. 
NoYember  1 . . 

1904. 

July  8 

July  9 

July  19 

September  8. 
November  12, 


^ 

^ 

1       ^ 

"1 

p 
9 

'  1 

o 

;? 

a 

ffirt* 

I 

g 

^ 

» 

s« 

"** 

^ 

^ 

1) 

*2 

s 

«*• 

03 

• 

s 

C.  T.  Prall.... 

A.  P.  Porter... 
A.  P.  Porter. . . 
A.  P.  Porter... 
A.  P.  Porter... 
L.  R.  Stockman 


378 

1.19 

1.00 

518 

2.73 

2.42 

622 

2.86 

2. 45 

404 

1.88 

1.70 

291 

.92 

.81 

260 

.60 

.60 

9 

•I 

O 


c 


i 


453 

1.416 

1,492 

760 

269 

158 


DISCHARGE  MEASUREMENTS  OF     SUN    RIVER     (South  Fork) 

AUGUSTA,  MONT.,  IN  1904. 


NEAR 


14-.^    I.    --                                

> 

^ 

? 

1 

i 

S 

s. 

<1 

B 

2- 

do* 

m 

? 

g 

A 

<5 

.«^ 

«• 

A 

Date. 

Hydrograpber. 

5" 

5? 

ta«     ^ 

• 

feetpe 

1 

u 

f 

3 

a 

• 

s 

11 

• 

December  2 

A.  P.  Porter 

51.4  1 

0.45  1 

i.ao 

1    t<^ 
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DISCHARGE     MEASUREMENTS     OF     MARIAS 

MONT.,  IN  1904. 
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RIVER     NEAR     SHELBY, 


Bate. 


Qydrographer. 


May   8 .A.  E.  Place 

May  20 L.  R.  Stockman 

May  27 

June  10 

June  20 

August  1 

September  5 

November  16 


L.  R.  Stockman. . 
W.  B.  Freeman . . 
Robt.  Follansbee. 
W.  B.  Freeman . . 
W.  B.  Freeman . . 
L.  R.  Stockman. 


^ 

£ 

e* 

-I 

cr 

w  a 

K 

"9 

S    OQ 

S  2. 

9q 

$ 

f* 

ection 
Are  Feet. 

oclty 
Per  Sec. 

ht  Feet. . 

o 

85- 

tr 


w  o 

?& 


r  f 


170 
70 
75 
178 
162; 
143; 
135, 
124' 


546 
C013 
611 
604 
444 
271 
204 
199 


4.31 
^4.86 
4.92 
4.63 
4.93 
1.83 
1.13 
.93 


4.02^,^59' 
4.34t2',9iJ4 
4.44  3,004 
4.3li2,798 
3.35  1,303 


2.44 
1.97 
1.80 


496 
231 
184 


ESTIMATED  MONTHLY  DISCHARGE  OF  MARIAS  RIVER  NEAR  SHELBY, 

MONT.,  FOR  1904. 
(Drainage  area,  2,610  sq.  miles.) 


Month. 


January  (l-18,inc. 

Febniarv 

March    

April  (1-7, 

estimated) . . . 

May 

June 

July 

August 

September  

October 

November  b 

December 

The  Year 


Discharge  in  cubic 
Feet  Per  Sec. 


B 

G 

B 


p 

5 

c 

B 


1,380. 


900  u 
...  a 


a 


8,5G0 

803 

4.9C0 

1.980' 

3.7G0 

1,240 

1,605 

435 

490 

290 

335 

205 

2C5 

185 

185 

150' 

a 


o 


> 

3 


s 


900 
800 
800 


O  b  ,  li  O  J 

4(J,01G 
49,190 


2.457 
2.848 
2.495 
871 
307 
246 
204 
l'i8 
150 


140, 

175, 

148. 

5o , 

22. 

14, 

12. 

9, 

9. 


202 
117 
4u3 

55U 

5ao 

038 
544 
997 
223 


Run-off. 


CO     2 

.a      ' 
m 

i.  o. 
5-    I 


0.345 
.307 
.307 

.911 
1.091^ 
.950 
.334 
.141 
.094 
.078 
.004' 
.057 


cr 

p 


p 

tr 

60 


.331 
.354 

1.050 
1.258 
1.067 
.385 
.162 
.105 
.090 
.071 
.066 


1.017  742,851'        .393        5.337 


a.     EJBtimated.      b.     Discharge  estimated  for  November  20 — 30. 
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MONTANA  EXPERIMENT  STATION. 


DISCHARGE    MEASUREMENT    OF    TETON    RIVEZR   NEAR   BELLEVIEW. 

MONT.,  IN  1904. 


Date. 


Hydrographer. 


•  Novetnber  27 |  A.    P.    Porter. 


;> 

•^ 

$ 

GQ 

a 

lO 

CQ 

i 

!? 

O 

a 

5 

S 

% 

s; 

O 

A 

i£ 

an  Vel 
Feet 

99 

X 

99 

^  o 

B* 

^  o 

r* 

?^ 

♦^ 
O 

• 
• 

38.2  1      1.52  1      0.60  1 


n 

cr 

58.0 


DISCHARGE  MEASUREMENT  OF     TETON     RIVER     NEAR     CHOTBAU, 

MONT.  IN  1904. 


Date... 


T^ovember  29 I  A.  P.  Porter 


OQ 


s: 

< 

X 

o 

OQ 

o 

cr 

ft 

r* 

i? 

• 
• 

er 

St   ® 

^  E 


15  1    5.8  1 1.25  I    1.8  I    7.3 
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DISCHARGE  MEASUREMENTS  OF  MILK  RIVER  AT  HAVRE,  MONT., 

FOR  1904. 


Date. 


Hydrographer. 


April  12., 
!May  5. . . . 
Mav    19... 
Mav   26.. 
June   4. . . 

June  30.. 
Julv   18... 
August  1 . 
August  10 


A.  K.  Place 

A.  E.  Place 

L.  H.  Stockman . . . . 

T-..  R.  Stockman . . . ! 

W.  B.  Freeman  and 

E.  C.  Murphy .... 

R.  Follansbee 

U.  Follansbee 

W.  B.  Freeman .... 
W.   B.  Freeman . . . . 


^ 

1             ^. 

1            ^ 

1    OQ 

►an  Velo 
Feet  P( 

(IQ 

<p 

^    ^ 

D* 

CD 

®    o 

2    o 

f* 

<-»• 

^-.  <"* 

■^      nS. 

• 

M      »<• 

f* 

*^ 

• 
• 

/?    o 

S       ^ 

CO  V- 

% 

• 

rt- 

• 

• 

r* 

OQ 

IS 

CO  2! 


172 

74 

168 

289 

75 

124 

90 

159 

155 

252 

62 
56 


3 .8ii 
2.03 
2.90 
1.69 
1.73 


70    1.34 

37,   1.19 

ll'   1.10 

5       .69 


78  2,866 


588 
359 
289 
435 

95 

44 

12 

3 


ESTIMATED    MONTHLY    DISCHARGE    OF    MILK    RIVER    AT    HAVRE, 

MONT.,  FOR  1904. 
(Dralnacre  area,  7,300  sq.  miles.) 


Date. 


•Fanuary    . . 

February 

March 

A]ri] 

Mav 

• 

June 

Julv 

m 

August .  . . . 
September. 
October. . . 
November. 
Deep  Tiber. 


•   •  «    •   • 


The   Year, 


Discharge  in  cubic 
Feet  Per  Sec. 


4.900 
580 
490 
90 
22 
10 
41 
51 


c 


Run-off. 

9 

? 

a" 

*a 

h^t 

r* 

n 

B* 

t? 

«  *2 

340 

230 

105 

10 

0 

1 

3 

22' 


90      5,5.^4 

75      4,3l4i 

75      4,612; 

1,736  103,299 

373,   22,935 

2781  16,542 


44 
5 
3 
19 
35 
25 


2,705 
307; 
1781 

1.1G8; 

2,0g3i 

1.537. 


(6 


U.012 
.010 
.010 
.238 
.051' 
.038 
.006 
.000 
.000 
.003 
.006 
.003 


P 
o 

P* 

OB 


0.014 
.011 
.012 
.266 
.059 
.042 
.007 
.000 
.000 
.003 
.006 
.003 


230  165,2x4  .0311        .423 


1 
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MONTANA  EXPERIMENT  STATION 


DISCHARGE  MEASUREMENTS  OF  MILK  RIVER  AT  MALTA.  MONTANA, 

FOR  1904. 


Date. 


Hydrographer. 


I 


> 
1 


I 


at  < 

ft  2. 


o 

cr 


s 


April  8  a 

April  10 

April  11 

April  12 

April  13 

April  13 

April  16 

April  18 

April  18 

April  19 

-April  19 

April  20....... 

April  20 

April  21 

April  22 

April  23 

April  24 

April  24 

April  26 

April  30 

Ma  V    5 

May    5 

May  17 

May  25 

June    4 

June    6 

June  *7 

June    9 

June  13 

June  15 

July  5  b 

July  9  b 

July  20  b 

July  28 


W.  B.  Freeman 

W.  B.  Freeman 

W.  B.  Freeman 

W.  B.  Freeman 

W.  B.  Freeman .... 

W.  B.  Freeman 

W.  B.  Freeman 

W.  B.  Freeman 

W.  B.  Freeman 

W.  B.  Freeman 

W.  B.  Freeman 

W.  B.  Freeman .... 

W.  B.  Freeman 

W.  B.  Freeman 

W.  B.  Freeman 

W.  B.  Freeman .... 

W.  B.  Freeman 

W.  B.  Freeman 

W.  B.  Freeman 

W.  B.  Freeman 

W.  B.  Freeman 

W.  M.  Neptune .... 

R.  Follansbee 

R.  Follansbee 

W.  B.  Freeman  and 

E.  C.  Murphy 

R.  Follansbee 

R.  Follansbee 

R.  Follansbee 

R.  Follansbee 

R.  Follansbee 

R.  Follansbee 

R.  Follansbee 

R.  Follansbee 

R.  Follansbee 


150 

153 

153 

145 

145 

145 

145 

143 

143 

142 

141 

135 

131 

116 

106 

108 

103 

103 

100 

94 

95 

98 

86 

83 

87 

138 

135 

110 

93 

92 
22 
20 
18 


1,261 

1,962 

1,682 

1,530 

1,536 

1,505 

1 ,467 

1,077 

990 

830 

736 

575 

485 

386; 

333, 

3271 

321 

321 

313 

202 

230' 

238 

IGO'i 

130 

146. 


2.51 
4.14 
4.16 
4.55 
4.44 
4.35 
4.49 
4.45 
4.52 
4.64 
4.73 
4.86 
5.19 
4.85 
4.70 

4.38 

4.40 

4.33 

4.41' 

4.03. 

4.00: 

3.57 

2.66; 

2.52; 

3.45! 


476 

4.59 

468 

4.97 

318 

4.34 

196 

3.07 

188 

3.12 

21 

2.09 

19 

,  1.00 

14 

.   .41 

10.45 

14.35 

12.57 

11.94 

12.07 

11.83 

11.82 

9.47 

8.85 

7.80 

7.12 

6.06 

5.52 

4.84 

4.43 

4.19 
4.07 
4.07 
4.06 
3.62 
3.29 
3r29 
2.42 
2.20 
2.37 


5.35  2 
5.08  2 
3.98  1 
2.90 

2.80 
1.34 
1.06 

.90. 

.71'  , 


162 
116 
002 
966 
830 
545 
58S 
798 
47& 

85a 

48^ 

792 
470- 
871 
566 

432 
408^ 
390* 
381 
056 
942 
850 
42S 
327 
505 

182 
324 
382 
601 

588 

44 

19 

6 

1 


a.    Ice  gorge,    b.    by  wading  at  different  sectionB,    c.    estimated. 


J 
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ESTIMATED  MONTHLY  DISCHARGE  OF  MILK  RIVER  AT  MALTA,  MON- 
TANA, 5  OR  1904. 
(Drainage  area,  14,044  sq.  miles.) 


!Mo|itli. 


Januarv 

• 

Kebruarv 
Mttrch . . . 
April  b  . 
:Vlay 


June 

Jiilv 

AupiiRt .  .  .  . 
September, 
■October . . . 
Xovemlier . 
lleeember . 


*rhe   Year 


Discharge  in  cubic 

Feet  Per  Sec. 


X 

B 

G 

B 


5 
B 


o 
to 


•-3 

o 

e. 


> 

o 


Run-off. 


1 


O    ' 

(2     I 

-  ^  i 

00     • 

Is 


8,794 

1,118 

2.190 

45 

1 

0 

0 

45 

24 


100 

214 

45 

1 

0 

0 

0 

0 

15 


a     lOj      6,149 

H       80;      4,602 

a       80      4,919 

3,268  194,460 

505    34,740 

552    32,846 


17 

1 

0 

0 

14 

15 


1,045 

61 

0 

0 

833 

922 


rt- 
P 


P* 
OB 


.00/ 

0.008 

.r06 

.006 

.006 

.007 

.233 

.260 

.040 

.046 

.039 

.044 

.001 

•    *    •    • 

.001 

•  •    ■    • 

•  ■    •    • 

.001 

*!66i 

.001 

.001 

39ll280,577»        .0281        .374 


I.     Bstimated.     b.    April  1 — 10  inclusiye,  estimated. 


DISCHARGE  MEASUREMENT  OF  MUSSELSHELL  RIVER  NEAR  SHAW- 

MUT,  MONT.,. IN  190t. 


Date. 


Hydrographer. 


> 


1 


a 
g 


^ 

O 

A 

B 

5g 

Veloc 
5et  Pe 

X 

p* 

•n     N-. 

f* 

•^d 

CO  "< 

$ 

a>         1 

<6 

November  8. 


L.  R  StookmHD 


.^.3.4 


< 

O 

as- 

o 

*^ 

P* 

® 

82 

3t 

(S 

^ 

(6 

9 

o 

*i 

G 

1.38'      l.iril      74.0 
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MONTANA  EXPERIMENT  STATION 


DISCHARGE   MEASUREMENTS   OF  YELLOWSTONE  RIVER  NEAR  LIV- 
INGSTON, MONT.,  IN  1904. 


Date. 


April  23 

May  16 

June  2 

June  23 

June  25 

Julv   11 

Julv  26 

Auj^ust  20.  . . 
September  13 
October  20. .. 


Hydrographer. 


A.  E. 
W.  B. 
W.  B. 
\V.  B. 
W.  B. 
W.  B. 
W.  B. 
W.  B. 
\V.  B. 
L.  R. 


Place 

Freeman . 

Freeman. 

Freeman . 

Freeman . 

Freeman . 

Freeman . 

Freeman . 

Freeman . 
St*x»kman 


^ 

S 

^  B 

OQ 

of  Sec 
Squar 

S 

»TJ  n 

sr 

€-»• 

tion 
e  Feet. 

OQ 

% 

m 
• 

OQ   'S 


190 
184 
274 
278 
278 
274 
189 
184 
181 
171 


G42 

1,009 

2,002 

2,138 

1,927 

1,687 

1.250 

894 

738 

577 


3.44 
4.91 
8.70 
9.62 
7.80 
7.55 
6.14 
4.62 
3.79 
3.30 


4 

17 
20 
15 


2.68| 
4.77' 
8.42 
8.94; 
8.02 
7.l6al2 
5.78b  7 
4.19  4 
3.34:  2 
2.54      1 


.206 
,957 
,418 
,573 
,034 
,736 
,677 
.130 
,794 
.904 


a.  Discharge  of  overflow,  258  cubic  foet  per  second. 

b.  Discharge  of  overflow,  10  cub.  ft.  per  second. 


ESTIMATED  MONTHLY  DISCHARGE  OF  YELLOWSTONE  RIVER  NEAR 

LIVINGSTON,  MONT.,  FOR  1904. 
(Drainage  area,  3,580  sq.  miles.) 


Month. 


Discharge  in  cubic 

Feet  Per  Sec. 

B 

a 

B 

B 

c 

B 

CD 

3 

»                  1 

o 
p 


> 

CD 


Run-off. 


QD      - 

O  I 

g.ft 


3" 

3C 


January 1 ,  385 

February    1 ,  430 

March..* 1»745 

April 3,015 

Mav 19,930 

June 19,930 

Julv 16,405 

6.695 
3,615 
2,220 
1,880 
1,880 


Aujr^iHt. .  .  , 
September 
October. . . 
November . 
December. 


-iiie  Year 


1,U45  1 
1,045,  I 
1,250  1 
1,475:  2 
3,280  8 
13,590  17 
0,280  11 


3,446 
2,380 
1,880 
1,520 
900 


,211 
.256 
,460 
,102 
.446 
,'291 
,009 
.604 
,749 
,030 
.653 
,388 


74 

72 

89 

125 

519 

1,028 

680 

283 

163 

124 

98 

85 


.4b2 
.246 
.772 
.078 
,324 
,886 
,607 
,089 
.577 
,820 
,360 
.345 


0.3:?8 
.351 
.408 
.687 
2.359 
4.830 
3.092 
1.286 
.768 
.567; 
.462' 
.388, 


.«>78 
.470 

.655 

2.720 

5.3S9 

3 .565 

1.483 

.857 

.654 

.615 

.447 


19.9301       9001  4,605  3,346.566!  1.286  17.523 
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DISCHARGE   MEASUREMENTS   OF  YELLOWSTONE   RIVER  NEAR  BILr 

LINGS,   MONT.,   IN   1904. 


Date. 


Hydrographer. 


July  10 

July  29 


August   18 

September  16. ... 
September  27 ... . 
October  21 


g 

? 

^ 

§ 
^ 

Si 

g 

crq 

s  ^ 

ffi 

•^ 

•g    M 

%  i; 

ection 
tare  Feet. 

odty 
Per  Sec. 

cr 

t 

m 
• 

cr 

•-rt  O 
CD   O 


S 


R.  S.  Stockton. 
R.  S.  Stockton. 
W.  B.  Freeman 
W.  B.  Freeman 
R.  S.  Stockton. 
L.  R.  Stockman 


4'>2 

4,719 

4.64 

8.40 

I     419 

3,230 

3.80 

6.05 

;     332 

2,542 

3.53 

4.33 

!     320 

2,069 

2.46 

2.90 

I     335 

1,974 

2.18 

2.53 

1 

•  • . 

1.838 

2.24 

2.53 

21,907 
12,289 
8,963 
5,086 
4,305 
4,124 


ESTIMATED  MONTHLY  DISCHARGE  OF  YEX^LOWSTONE  RIVER  NEAR 

BILLINGS,   MONT.,   FOR  1904. 
(Drainage  area,  11,180  sq.  miles.) 


H 

Discharge  in  Cubic 

o 

£ 

P 
> 

3 
'^ 
% 

Run-off. 

.  Per  Second. 

• 

Month. 

B 

G 

B 

0 

B 
B 

■ 

1 

1 

Cubic  ft.  pe 
per 

Depth  in 

«-»■ 

W     i^ 

S  •      P 

\^         1        CD 

< 

• 

(D           '         CD 

June 

July 25.475 

Au<:uj*t 12 ,  265 

September 8 ,  410 

October 4 ,  590 


32,580  19,840  25,972  1,545,441 


November. 
December. 


3,720 
3,225 


The  Period 


11,995 
6,325 
4,145 
3,720 
3,225 
2,740 


18,088  1,112,188 
8,2571     507,703 


5.240 
3.973 
3.420 
2,900 


311,802 
244,290 
203.504 
178.683 

I4T1O3T6II 


2.323 
1.618 
.738 
.469 
.355 
.306 
.260 


2..»92 

1.865 

.851 

.523 

.109 

.;;:i 

3 'JO 


^ 
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IVISCHARGE   MEASUREMENTS    OF   YELLOWSTONE   RIVER   AT    GUSS- 

DIVE,   MONT.,   IN  1904. 


Date. 


Hydrographer. 


9     ' 


0* 


*  2 


April  22 A.  E.   Place 

May  17 W.  B.  Freeman 

June  1 'W.  B.  Freeman  and. . 

E.  C.  Murphy 
June  24, 


W.  B.  Freeman, 

July  12 W.  B.  Freeman 

July  26 

August  19 

September  19. 
October  22. .. 


W.  B.  Freeman. 
W.  B.  Freeman. 
W.  B.  Freeman. 
L.  K.  Stockman 


649 
738 
760 

1,035 
760 
744 
732 
721 
727 


3,617 

2.96 

2.44 

4,631 

3.32 

4.11 

7,260 

5.78 

7.42 

9.722 

6.71 

9.21 

6,958 

5.37 

7.02 

5,569 

4.16 

5.28 

4,117 

2.98 

3.35 

2,917 

2.33 

1.89 

2,787 

2.32 

1.64 

10,718 
15,396 
41,982 

65,224 
37,364 
23,162 
12,250 
6,792 
6.474 
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ESTIMATED   MONTHLY   DISCHARGE  OF  YELLOWSTONE     RIVER     AT 

GLENDIVB,    MONT.,   FOR   1903   AND   1904. 
Drainage  area,  66,090  sq.  miles.) 


Discharge  in  Cubic 

Feet  Per  Sec. 

ial  in  Acre  Fee 

Run-off. 

Momtb. 

B 
B 

Minimum. 

i 
( 

1 
1 

:3 

Cubic  ft  pe 
per 

0 

c^ 

m    M 

1903 

fa  : 

• 

sec 
q.  mil 

1 

1 

a       '      OB 

March  (10-31, inc.) 20,610 

April 39,150 

May 22 ,550 

June 62 ,300 

July 161,000 

August 130 ,200 


September 

October 

November  (l-16,inc.) 
December 


10,150 
7,510 
5.900 


15,480 
4,600 
4,700 
10,550 
16,550 
7,780 
6,076 
5,900 
5,750 


17,550 

6,208 

10,775 

40,594 

28,089 

14,012 

7,737 

6,860 

a5,760 

a5,700 


556,958 

369.343 

664,066 

2,415.629 

1,726,818 

861,564 

460,384 

.   421,805 

.   339,471 

.   350.479 


The  Period 


8,166,517 


.266 
.094 
.163 
.614 
.425 
.212 
.117 
.104 
.087 
.086 


aE,700 


1904. 

January  ; 

February    ' a5 ,  700 

March . ." . .  | a5 ,  700 

April  2-30,inc.)    b 48,000    7,780,13,936 

I^iay 66 ,  200  12 ,  190  27 , 002 

June 177,900  39 ,150  54  ,882 

July 51 ,900  21 ,890  33 ,500 

August *  21,240    9,020112,698 

September 14,705i  5,985|  8,273 


October  (1-23, inc.) 
December  (1-5,)  c 


The  Period. 


7,510    5,750 


350 

327 

350 

829 

1,660 

3,265 

2,059 

797 

492 


,479 
,868 
,479 
,250 
,288 
,706 
,836 
,371 
,278 


7.7IO1 


76,463 


0  10.210,017 


.086 
.086 
.086 
.211 
.409 
.830 
.507 
.196 
.125 
•  •  •  . 
.117 


a     Estimated  by  C.  C.  Babb. 

b.     Mean  for  29  days  taken  as  mean  for  the  month. 

c     River  frozen  December  6  to  31. 


0.158 
.105 
.188 
.685 
.490 
.244 
.130 
.120 
.097 
.099 


•   •  •  •  • 


.099 
.f93 
.099 
.235 
.472 
.926 
.584 
.226 
.139 
.  •  •  • 
.022 


n 
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DISCHARGE  MEASUREMENTS  OF  PRYOR  CREEK  AT  HUNTLEY,  MONT., 

IN  1904. 


Date. 


Hydrographer. 


a 

2r 

ectl 
tare 

2  ?i 

|§ 

1  Q 

OQ 

•                                                   1                ■ 

p 


GTQ    I 


•55 


<D 


oc 


^ 
« 

n 


9Q 
Q 

C 


QQ  O 
O 


August  6a.. 
Sebtember  17 


I  R.  S  .Stockton . 
I  W.  B.  Freeman 


..  I       6  I  l.OU  I  1.00  !        6 
18  I      10  I  1.40  1  1.25  I       14 


DISCHARGE  MEASUREMENTS  OF  BIGHORN  RIVER  AT  FORT  CUSTER. 

MONT.,  IN  1904. 


Date. 


Hydrographer. 


2r 

1 

Gag 

«-♦• 

P 

(» 

3 

OS'S 

1;? 

ooity 
Per  Se 

B" 

1 

• 

r  J 

P 

• 

Ok 

n 

XT 

%   ® 


July   16 

July  27 

September  17 
October  1 . . . . 
October  24... 


R.  S.  Stockton. 
R.  S.  Stockton. 
W.  B.  Freeman, 
R.  S.  Stockton. 
L.  R.  Stockman 


438 

2,655 

3.91 

9.00 

438 

2,357 

3.76 

8.30 

427 

1,376 

1.50 

6.00 

42G 

1,295 

1.25 

5.69 

418 

1,310 

1.28 

5.65 

8,867 
2.069 
1,615 
1,673 
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DISCHARGE   MEASUREMENTS    OP   LITTLE   MISSOURI   RIVER   AT   AL- 

ZADA,  MONT.,  IN  1904. 


Date. 


Hydrographer. 


QQ 

lO 


00 


s 


a.  * 

CO 

i? 


8  I: 


April  3 

April  3 

May  9 

May  10 

June  26 

July  8 

July  9 

September  5 


F.  M.  Madden.. 
F.  M.  Madden. . 
F.  M.  Madden.. 
F.  M.  Madden.. 
F.  C.  Magruder. 
F.  M.  Madden.. 
F.  M.  Madden.. 
F.  M.  Madden.. 


54 

218 

1.72 

5.70 

50 

176 

1.73 

4.90 

21 

52 

1.60 

2.50 

21 

46 

1.35 

2.20 

18 

29 

.38 

1.40 

9 

4.6 

1.00 

1.25 

14 

3.7 

1.16 

1.20 

23 

67. 

1.22 

2.90 

376. 

305. 

83. 

62. 

11. 

4.^ 

4.S 

82. 


ESTIMATED  MONTHLY  DISCHARGE  OF  LITTLE  MISSOURI  RIVER  NEIAR 

ALZADA,  MONT.,  FOR  1904. 


Discharge  in  Cubic 
Feet  per  Second 


Month. 


April 

May 

June 

July 

August  a  . . . 
September  a 
October  a  . . 
November  a 


The  Period. 


s 

S 

B 

a            ) 

•* 

! 

3 

B 

1,185 

4. 

1»7 

280 

4. 

51. G 

1,744 

7. 

314 

31 

2. 

7.1 

27 

0. 

2.0 

488 

0. 

30.0 

37. 

0. 

4.1 

1.4 

1.4 

1.4 

1 

7,557 

3,17$ 

18,680 

437 

125 

1,78& 

252 

85 

32,090 


a.     Estimates  August  30  to  November  30  approximate. 
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LETTER  OF  TRANSHITTAL. 


Bozeman,   Montana,  December    31,   1905. 
To  His  Excellency,  Joseph  K.  Toole, 

Governor  of  Montana. 
Dear  Sir: — In  accordance  with  th§  Congressional  Act  of  March 
2,  1887,  I  have  the  honor  to  transmit  herewith  the  twelfth  annual 
report  of  the  Montana  Experiment  Station.  The  financial  state- 
ment is  for  the  year  ending  June  30,  1905,  the  results  of  investiga- 
tions of  the  several  departments  are  reported  to  the  end  of  the  State 
year,  November  30,  1905. 

Very  respectfully, 

F.  B.  LINFIELD, 

Director. 
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REPORT  OF  THE  TREASURER. 


The  Experiment  Station  of  the  Agricultural  College  of  the  State 
of  Montana  in  account  with  the  United  States  appropriation, 
1904-1905, 

Dr. 

Xo  receipts  from  the  Treasurer  of  the  United  States  as 
per  appropriation  for  fiscal  year  ending  June  30, 
I905»  as  per  Act  of  Congress,  approved  March  2, 

1887 $  15,000. po 

Cr. 

By  Salaries $  10,701 .68 

Labor ; 1,483 .99 

Publications 734o6 

Postage  and  Stationery 430.81 

Freight  and  Express 397- u 

Heat,  Light,  Water  and  Power 29.90 

Chemical  Supplies 1 15  70 

Seeds,  Plants  and  Sundry  Supplies 338-77 

Fertilizers 

Feeding  Stuffs 

Library •  •  69 .  85 

'ro«)ls»  liiiplorvtnts  and  Machinery 7^'-% 

Furniture  and  Fixtures ()6,o2 

Scientific  Apparatus 510.28 

Contingent  Expenses '. ,  15 .00 

Total $15,000.00 

We,  the  undersigned,  duly  appointed  Auditors  of  the  Corpor- 
ation, do  hereby  certify  that  we  have  examined  the  books  and 
accounts  of  the  Experiment  Station  of  the  Agricultural  College  of 
the  State  of  Montana  for  the  fiscal  year  ending  June,  30,  1905 ; 
that  we  have  found  the  same  well  kept  and  classified  as  above,  and 
that  the  receipts  for  the  year  from  the  Treasurer  of  the  United 
States  are  shown  to  have  been  $15,000.00;  and  the  corresponding 


disbursements  $15,000.00;  for  all  of  which  proper  vouchers  arc 
on  file  and  have  been  by  us  examined  and  found  correct,  thus 
leaving  no  balance. 

And  we  further  certify  that  the  expenditures  have  been  solely 
for  the  purposes  set  forth  in  the  Act  of  Congress,  approved  March 
2,  1887.  Signed, 

J.  M.  ROBINSON, 
PETER  KOCH,  Auditors. 
Attest:     Peter  Koch,  Custodian. 


SUPPLEMENTARY  STATEMENT. 


-r- 


Experiment  Station  Miscellaneous  Fund. 

Dr. 

To  Receipts,  Farm  Produce,  etc $4,581.86 

Cr. 
By  Salaries  $-1,000.00 

Labor i,39370 

Publications 

Postage  and  Stationery 

Freight  and  Express 

Heat,  Light  and  Water 

Chemical    Supplies ,. 

Seeds,  Plants  and  Sundry  Supplies 

Fertilizers .93 

Feeding  Stuffs   346-90 

Library 

Tools,  Implements  and  Machinery 

Furniture  and  Fixtures 

Scientific  Apparatus ' 

Live  Stock 1434-^ 

Traveling  Expenses 107.67 

Contingent  Expenses 

Buildings  and  Repairs 288.76 

Total    ..,$4,581.86 
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REPORT  OF  THE  DIRECTOR. 


The  work  of  the  Experiment  Station  is,  I  believe,  gradually 
yet  surely  growing  in  its  influence  and  in  the  confidence  of  the  people 
of  the  state.  In  a  state  as  large  as  that  of  Montana,  with  a  great 
variety  of  soil  and  climate,  a  new  agricultural  state  with  new  and  in- 
tricate problems,  and  with  an  increasing  agricultural  population, 
many  of  ^hem  new  to  our  conditions,  there  is  an  increasing  demand 
on  the  Experiment  Station  for  information  of  all  kinds.  This  in- 
creased demand  is  manifested  in  a  rapidly  increasing  correspondence, 
increased  demand  for  Farmers'  Institute  work,  and  for  special  talks 
at  farmers'  horticultural  and  live  stock  meetings ;  also  in  the  demand 
for  the  study  of  special  problems  in  various  parts  of  the  state. 

The  funds  of  the  Montana  Experiment  Station  have  come  froiri 
four  sources.  The  Hatch  fund  from  the  United  States  government, 
$15,000.00  per  year;  the  State  fund,  for  maintenance,  $5,000.00,  and 
for  experimental  purposes,  $1,000.00;  from  the  Northern  PaciHc 
lailway,  for  co-operation  tests  on  the  dry  bench  lands,  we  got  last 
year  $2,500.00,  and  for  the  same  purpose  from  the  Irrigation  Divis- 
ion, United  Spates  Department  of  Agriculture,  $1,000.00.  For  the 
coming  year  the  Northern  Pacific  contributes  $2,500.00  and  the 
Great  Northern  $2,000.00  for  these  dry  land  tests. 

Some  of  these  funds  are  restricted  to  special  purposes.  For 
instance,  the  Hatch  Act  says:  "That  it  shall  be  ».he  object  and 
duty  of  said  experiment  stations  to  conduct  original  reseachcs  or 
verify  experiments  on  the  physiology  of  plants  and  animals;  the 
diseases  to  which  they  are  severally  subject,  with  the  remedies  of 
the  same ;  the  chemical  composition  of  useful  plants  at  their  different 
stages  of  growth ;  the  comparative  advantages  of  rotativo  cropping 
as  pursued  under  the  varying  series  of  crops;  the  capacity  of  new 
plants  or  trees  for  acclimation;  the  analysis  of  soils  and  water; 
the  chemical  composition  of  manures,  natural  or  artificial,  v/ith  ex- 
periments designed  to  test  their  comparative  effects  on  crops  of 
different  kinds;  the  adaptation  and  value  of  grasses  and  forage 
plants;  the  composition  and  digestibility  of  the  different  kinds  of 
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food  for  domestic  animals;  the  scientific  and  economic  questions 
involved  in  the  production  of  butter  and  cheese ;  and  sucli,  other  re- 
searches or  experiments  bearing  directly  on  the  agricultural  indus- 
try of  the  United  States  as  may  in  each  case  be  deemcii  advisnMe, 
having  due  regard  to  the  varying  conditions  and  needs  of  the  ics- 
pective  states  and  territories." 

The  money  received  from  the  state  for  experimental  purposes 
and  that  contributed  by  the  Northern  Pacific  and  Great  Northern 
railways  can  only  be  used  for  the  test  on  the  dry  bench  lands. 

The  State  Maintenance  fund  may  be  used  for  any  purpose  where 
needed. 

The  ultimate  end  of  all  the  Station  work  is  to  gather  new  facts 
that  will  aid  in  making  more  efficient,  more  profitable  and  more 
enjoyable  the  work  of  the  farm.  As  our  work  increases  ani  devel- 
ops we  hope  to  be  able  to  answer  more  fully  and  more  intelligently 
the  many  questions  which  the  farmers  of  the  state  are  asking  them- 
selves and  us  every  day  of  the  year. 

For  the  past  few  years  the  most  of  the  funds  from  the  state 
have  been  put  into  getting  the  plant  in  shape  to  enable  the  men  in 
charge  to  do  their  best  work.  While  this  work  of  further  equipment 
is  in  no  wise  completed,  yet  we  have  come  to  a  time  when  the  whole 
of  the  energies  of  the  Station  must  be  centered  on  the  work  it  was 
designed  to  do.  We  may  not  publish  any  greater  number  of  bul- 
letins in  the  future  than  in  the  past,  but  we  hope  to  make  each  one 
record  some  fact  or  facts  that  shall  be  a  wholly  new  addition  to  our 
fund  of  knowledge  about  the  methods  of  successful  practice  of  agri- 
culture in  the  state. 


IMPROVEMENTS. 

During  the  past  summer  the  Experiment  Station  building  re- 
ceived a  thorough  overhauling,  which  has  materially  improvod  its 
internal  appearance  and  has  given  more  room  for  work.  lh<f  attic 
ha.^  been  divided  into  two  rooms,  one  for  a  class  room  and  the  other 
for  storage  of  museum  material.  On  the  east  side  of  the  second 
f^oor  the  botanical  material  has  been  moved  out  and  tho  rooms  made 
into  a  laboratory  for  the  biological  work.  On  the  nrsf  floor  the 
toilet  room  has  been  moved  to  the  basement  and  the  space  added  to 
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the  adjoining  room,  which  has  been  made  into  a  readmg  room  and 
library.  The  civil  engineering  department  has  been  moved  into 
quarters  provided  by  the  College  and  the  east  rooms  on  this  floor 
given  to  the  horticultural  department.  All  the  rooms  in  the  base- 
ment, except  one  used  for  a  bulletin  mailing  room,  have  been  fitted 
up  for  the  agronomy  department. 

Two  additions  were  made  to  the  buildings  of  the  Station  dur- 
ing the  year,  first,  a  small  green  house,  9x16  feet  for  an  inscctory 
:oY  the  entomological  department,  which  cost  $225.00,  and.  second, 
a  poultry  building  12x128  feet,  with  fencing  for  yards,  which  cost 
about  $600.00.  .\  description  of  this  building  will  be  given  later 
in  this  report.  In  addition  to  the  above  some  time  and  money  were 
spent  in  fencing  yards  for  the  poultry,  and  hogs,  and  a  beginning 
was  made  in  draining  the  few  acres  of  wet  land  on  the  farm. 

For  some  years  a  few  pure  bred  sheep  have  been  kept  on  the 
Station  farm,  but  these  have  been  disposed  of,  as  we  had  no  facil- 
ities for  taking  proper  care  of  them  or  for  carrying  on  any  experi- 
ments with  them. 


V  WORK  OF  THE  DEPARTMENTS 

The  work  of  the  various  departments  has  progressed  along 
similar  lines  to  those  of  the  year  before.  No  new  work  was  under- 
taken, but  some  new  phases  of  the  old  problems  have  been  investi- 
gated. 

The  Chemical  department  followed  up  the  work  started  the 
year  before  with  locoed  sheep.  A  band  of  these  were  treated  with 
vermifuges  and  then  fed  a  fattening  ration  during  the  winter  and 
spring,  the  feeding  being  done  by  the  Animal  Industry  department. 
The  results  were  very  encouraging  and  the  facts  of  the  test  are  now 
being  prepared  for  a  bulletin.  This  work  was  carried  on  in  co-oper- 
ation with  the  Bureau  of  Plant  Industry  U.  S.  Department  of  Agri- 
culture. 

The  decision  to  build  a  sugar  beet  factory  at  Billings  revived 
the  interest  in  sugar  beet  culture  over  the  state,  and  has  increased 
the  demand  for  co-operative  studies  along  this  line. 

The  study  of  the  foods  offered  in  the  market  has  been  taken  up 
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on  somewhat  of  a  new  line  and  attention  devoted  to  the  study  of 
those  products  that  enter  into  competition  with  the  Montana 
products. 

With  the  reorganization  of  the  work  in  botany  and  entomology 
and  the  placing  of  this  under  one  head  to  be  known  as  biology, 
some  little  time  was  needed  to  get  the  work  arranged  on  this  new 
basis.  Considerable  less  money  was  put  into  this  department  for 
the  year,  and  much  time  was  spent  in  re-arranging  the  quarters 
and  getting  the  insect  and  plant  collections  in  better  working  shape. 
A  new  line  of  work  was  taken  up  in  a  preliminary  study  of  the 
insects  affecting  sugar  beets.  One  bulletin  has  been  prepared  by 
the  department  during  this  year — No.  62,  the  Third  Annual  Report 
ci  the  State  Entomologist. 

The  Horticultural  department  has  extended  its  work  during 
the  year  and  has  taken  up  some  studies  in  the  Bitter  Root  valley 
on  the  effect  of  thinning  the  fruit  on  the  tree,  on  the  size  of  the 
apples  and  of  the  crop.  In  the  same  valley,  also,  studies  were  un- 
dertaken on  the  eft'ect  of  cultivation  and  various  methods  0/  crop- 
ping on  the  thriftiness  and  fruitfulness  of  the  orchard. 

On  the  Station  farm  tests  were  continued  on  the  testing  oi 
various  varieties  of  vegetables  and  in  the  acclimatizing  of  varieties 
making  them  better  suited  to  Montana's  climatic  conditions. 
j\Iethods  of  cultivation  and  management  have  also  been  considered. 

The  work  inaugurated  the  previous  year  on  the  originating^ 
and  sludv  uf  jicw  fruits  and  In  colli  ctincr  and  studv  of  n&tive  shrubs 
and  ornamental  trees  has  been  and  will  be  coniinucd.  One  bulletin 
has  been  issued  by  the  department — No.  60,  on  Onion  Growing. 

Because  of  the  changes  in  the  personnel  of  the  Irrigation  de- 
partment, Prof.  Baker  resigning  in  the  spring  and  Prof.  Tannatt 
starting  in  the  fall,  nothing  more  than  the  maintenance  of  the  work 
en  hand  was  attempted.  Observations  were  continued  on  the 
drainage  work  near  Billings  and  on  the  duty  of  water  on  the  farm 
of  J.  H.  Morse  at  Dillon.  Prof.  Tannatt  has  devoted  his  time  for 
the  latter  p.irt  oJ  tl;e  year  to  the  studv  and  classification  of  the 
records  in  the  ofnce  and  to  getting  acquainted  with  irrigation  con- 
ditions over  the  state. 

The  work  of  the  Agricultural  department  has  been  expanded 
during  the  year,  the   divisions  of  Agronomy  and  Dairying  being 
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separated  from  the  Animal  Industry  and  made  departments. 

In  the  Animal  Industry  department  work  has  been  continued 
in  feeding  experiments  with  steers,  sheep  and  hogs.  The  results  of 
these  experiments  have  been  reported  in  Bulletins  57,  58  and  59. 
Work  in  these  same  directions  will  be  continued  next  year. 

The  poultry  division  of  the  Animal  Industry  department  has 
devoted  considerable  funds  to  getting  the  buildings,  grounds  and 
stock  into  shape  for  doing  experiment  work.  This  division  of  the 
work  will  start  the  new  season  in  excellent  shape.  Two  feeding 
tests  with  young  cockrels  were  conducted  during  the  year,  and  in 
several  pens  trap  nests  have  been  used  to  get  the  egg  record  of  the 
birds  and  this  has  been  used  as  a  basis  in  breeding  up  the  flock. 

The  head  of  the  Dairy  department  has  devoted  some  time  to 
studies  on  ripening  of  cream,  and  considerable  time  has  been  spent 
in  looking  after  the  live  stock  experiments  during  the  absence  of  the 
head  of  the  Animal  Industry  department.  During  the  coming  year  it 
is  planned  to  devote  some  time  to  the  study  of  dairy  conditions  over 
the  state  and  to  aid  and  encourage  the  development  of  the  industry. 

The  department  of  Agronomy  during  the  year  completed  its 
plans  on  laying  out  the  farm,  and  extended  its  work  on  the  study 
of  varieties  pf  grain  and  fodder  crops.  For  the  coming  season  sys- 
tematic work  will  be  taken  up  on  plant  breeding,  fertility  of  soil, 
and  rotation  of  crops.  In  many  parts  of  the  state  corn  is  a  suc- 
cessful crop,  but  work  is  needed  in  systematic  improvement  and 
acclimation  of  varieties.  Work  m  this  direction  will  be  under- 
taken in  the  Yellowstone  valley.  Climatic  conditions  in  Montana 
are' favorable  to  the  growing  of  large  crops  of  seeds  and  grains  and 
of  the  very  best  quality.  Systematic  endeavors  will  be  made  to 
show  what  can  be  done  in  building  up  the  seed  business  by  develop- 
ing improved  varieties  and  working  out  methods  of  management. 


SUB-STATIONS. 


Last  year,  through  the  co-operation  of  the  Northern  Pacific 
railway  and  the  irrigation  division  of  the  U.  S.  Department  of 
Agriculture,  we  were  able  to  materially  increase  the  work  at  sub- 
stations over  the  state.     The  principal  line  of  work  was  to  test  the 
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methods  of  cultivation  and  the  kinds  of  crops  that  would  give 
largest  returns  on  the  bench  lands  of  the  state  without  irrigation. 
It  was  also  desired  to  show  how  these  dry  benches  might  be  made 
desirable  and  profitable  for  homes,  first,  by  constructing  a  small 
irrigation  plant  to  irrigate  the  surroundings  of  the  house  and  farm 
buildings,  and  second,  to  find  out  by  observation  through  a  series 
of  years  what  area  of  land  without  irrigation  would  make  a  desirable 
farm  unit. 

The  funds  given  by  the  Northern  Pacific  railway  were  $2,500.00 
and  by  the  Irrigation  division  of  the  Department  of 
Agriculture  $1,000.00,  and  this  was  supplemented  by 
an  appropriation  of  $t,ixk).oo  given  by  the  state,  mak- 
ing a  total  of  $4,500.00.  Four  sub-stations  were  started,  viz:  At 
Thirteen  Mile,  near  Glendive,  at  Miles  City,  at  Helena  and  at  Dillon. 
In  addition  to  this  the  work  was  continued  near  Great  Falls.  There 
is  a  great  need  for  this  work  as  there  are  millions  of  acres  in  the 
state  that  are  permanently  above  the  ditch.  The  land  cannot  be 
irrigated  because  the  water  cannot  be  got  to  it,  or  there  is  no  water 
available.  We  hope  to  extend  this  work  and  to  be  able  to  carry -on 
the  investigations  for  several  years. 


FARMERS'  INSTITUTES. 

The  Farmers'  Institute  work  has  increased  largely  during  the 
vear,  and  the  increased  interest  in  the  work  is  shown  bv  the  in- 
creased  attendance  and  the  increased  calls  for  meetings.  In  a  new 
agricultural  country  such  as  ^lontana  is  we  laok  a  trained  body  '^i 
Farmers'  Institute  workers.  For  this  reason  the  Station  officers 
are  in  large  demand  for  this  work.  This  has  been  a  means  of  brinir- 
ii'.g  the  College  and  its  work  very  prominently  before  the  people 
and  lias  had  a  value  to  the  Station  officers  in  permitting  them  to  pet 
acq«uaintcd  with  the  people  and  the  agriculture  of  all  parts  of  the 
state.  As  the  Director  of  the.  Station  is  the  Superintendent  of 
Farmers'  Institutes,  it  will  be  our  plan  to  so  arrange  this  work  as 
tf>  make  it  of  greatest  value  to  the  people  of  the  state  and  of  the 
Station  officers  without  permitting  it  to  interfere  with  the  original 
iijvestigations  that  these  men  should  be  doing. 


I 
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CO-OPERATIVE    EXPERIMENTS 


The  work  of  the  Montana  Experiment  Station  was  very  materi- 
ally helped  and  extended  during-  the  year  by  funds  contributed  for 
co-operation  experiments.  Without  this  help  several  lines  of  work 
could  not  have  been  undertaken. 

For  some  years  co-operative  experiments  have  been  carried  on 
with  the  irrigation  division  of  the  U.  S.  Department  of  Agriculture 
in  studying  the  irrigation  problems  of  the  state.  For  the  past  year 
a  new  direction  was  given  to  the  help  from  this  division,  the  funds 
contributed,  $1,000.00,  being  used  in  connection  with  the  dry  farm 
tests  taken  up  with  the  Northern  Pacific  railway. 

The  Northern  Pacific  railway  owns  large  tracts  of  land  in  the 
state,  which,  from  the  studies  carried  on  in  other  states,  it  seemed 
to  the  management  could  be  profitably  farmed  if  proper  methods 
were  followed.  As  a  result  they  asked  the  U.  S.  Department  of  Agri- 
culture and  the  State  Station  to  take  up  this  problem.  To  help  along 
this  w«"irk  ility  contributed  $2,500.00  towards  the  expenses  of  the 
work. 

In  the  study  of  the  available  water  supply  of  the  btate  the 
State  Engineer  entered  into  arrangements  with  the  E>i'Cfimcnt 
Station  to  make  studies  of  the  small  streams  in  Gallatin  valley.  The 
State  Engineer's  office  contributed  $1,000.00  towards  this  work. 

The  Bureau  of  Plant  Industry  of  the  U.  S.  Department  of  Agri- 
culture has  also  undertaken  co-operative  experiments  with  the 
Station  in  the  study  of  cause  and  cure  or  prevention  of  the  so-called 
Loco  poisoning  of  sheep.  This  work  was  undertaken  with  the 
Chemical  department  of  the  Station.  A  pathologist,  Dr.  INIarshall, 
was  sent  to  the  state  and  fimds  were  also  contributed  for  the  pur- 
chase and  care  of  100  sheep  needed  in  the  experiment.  The  Ex- 
periment Station  and  the  state  are  under  many  obligations  for  the 
generous  help  contributed  and  the  aid  given  in  extending  our  work. 

STATION    STAFF. 

There  were  several  changes  in  the  Station  staff  the  past  year, 
but  none  which  affected  the  continuity  of  the  experiment  work. 

Dr.  J.  W.  Blankenship,  who,  for  several  years,  was  botanist  of 
the  Station,  severed  his  connection  with  the  Station  at  the  end  of 
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•^he  fiscal  year.  During  the  seven  years  Dr.  Blankenship  was  con- 
nected with  the  Station  he  got  together  a  most  excellent  and  very 
extensive  collection  of  plants  and  a  very  complete  flora  of  the 
northern  inter-mountain  region. 

In  view  of  this  resignation  the  work  in  botany  and  zoology  was 
combined  in  a  new  department  of  biology,  with  Prof.  R.  A.  Cooley, 
the  Station  Entomologist,  as  head  of  the  department. 

Prof.  J.  S.  Baker,  who  spent  several  years  as  assistant  to  Prof. 
Fortier,  and  who  was  last  year  advanced  to  the  head  of  the  Irriga- 
tion department,  resigned  in  the  spring  to  accept  a  more  remuner- 
ative position  with  the  state  engineer.  While  not  connected  with 
the  Station,  Mr.  Baker's  training  and  experience  are  yet  available 
to  the  state.  Mr.  E.  Tappan  Tannatt,  of  Spokane,  Washington, 
was  elected  to  the  position  of  irrigation  engineer  in  September.  He 
brings  to  the  work  ripe  experience  in  practical  engineering. 

]\Ir.  James  Dryden,  who  was  engaged  last  year  to  take  charge 
of  the  poultry  work,  severed  his  connection  with  the  Station  in  the 
spring  to  take  up  the  poultry  work  in  a  business  way  in  the  east 
The  poultry  work  will  remain  as  a  division  of  the  Animal  Industry 
department. 

A  more  complete  division  of  the  work  has  been  ipade  in  the 
Agricultural  department.  The  assistants  in  Agronomy  and  Dairy- 
ing, viz :  A.  Atkinson  and  W.  J.  Elliott,  were  advanced  and  their 
\^ork  given  full  department  rank. 

In  the  Chemical  department,  Mr.  H.  J.  Reese,  assistant  chemist, 
resigned. 


NEEDS   OF    STATION. 

A  pressing  need  of  the  Station  is  more  room.  The  cramped 
quarters  in  the  present  Experiment  Station  is  used  for  College  and 
Station  work  by  four  departments  of  the  College  and  Station,  besides 
the  Director's  office,  and  the  library  and  mailing  room  of  the  Exper- 
iment Station.  When  a  building  45x50  feet,  two  stories  with  a  base- 
ment and  attic,  has  to  accommodate  all  the  technical  agriculture 
and  horticulture,  the  botany  and  zoology,  subjects,  every  one  of 
which  requires  large  laboratory  room,  it  is  surprising  that  so 
efficient  work  has  been  done  in  the  past.     These  departments  can- 
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not  do  the  work  which  is  being  demanded  of  them  in  these  cramped 
quarters,  and  it  is  hoped  that  this  fact  will  be  recognized  by  our 
legislators  in  the  very  near  future  and  more  commodious  quarters 
provided. 

When,  in  connection  with  this,  we  note  the  encouraging  prospect 
for  additional  funds  from  the  federal  government  for  Experiment 
Station  work,  which,  if  made  available,  will  double  the  Station 
funds  within  a  few  years,  increased  room  is  an  absolute  necessity 
if  we  are  to  make  efficient  use  of  these  funds,  and  also  properly 
provide  for  the  College  students. 

A  beginning  has  been  made  in  providing  increased  room  and 
facilities  for  our  live  stock  and  farm  products.  Ordinarily  it  might 
seem  that  we  might  be  able  to  get  along  for  a  few  years  with  these 
additions.  When  it  is  remembered,  however,  that  two  or  three 
years  ago  there  were  no  farm  buildings  of  a  permanent  character  on 
the  place  and  the  temporary  shacks  we  have  are  not  alone  rough 
looking,  but  wholly  inadequate  for  our  work,  it  will  be  recognized 
that  additions  are  yet  needed  and  should  be  provided  as  soon  as 
possible. 

In  this  connection,  sheep  and  steer  feeding  buildings  are  our 
greatest  need,  though  a  new  horse  barn  and  cottages  for  the  fore- 
man of  the  farm,  livestock,  poultry  and  orchard  are  needed  as  these 
men  must  be  on  the  ground  to  give  to  their  work  the  attention  it 
demands. 


CORRESPONDENCE. 

The  correspondence  of  the  Experiment  Station  continues  to  in- 
crease ;  so  much  so  in  fact  that  it  is  quite  a  tax  on  the  time  of  several 
of  the  departments.  In  the  last  annual  report  the  letters  sent  out 
totaled  3700.  For  the  past  year  they  total  4480,  an  increase  of  780 
for  the  year.  In  addition  to  the  time  of  answering  the  letters  many 
of  the  replies  called  for  considerable  research.  This  mass  of  cor- 
respondence together  with  the  other  office  work  is  now  more  than 
one  clerk  can  handle  and  will  compel  the  employment  of  additional 
help  for  next  year. 

By  departments  the  letters  were  as  follows:     Director's  Office 
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1,300,  Biology  400,  Chemistry  550,  Agronomy  700,  Dairy  600,  Poul- 
try 200,   Irrigation  400,   Horticulture  330. 


PUBLICATIONS  OF  THE  YEAR 

Seven  bulletins  and  an  annual  report  make  up  the  publications 
of  the  year.  They  contain  300  pages  of  printed  matter  and  5 
plates.     The  list  follows: 

Bulletin  No.  56, — Xative  Economic  Plants  of  Montana,  by  J.  W. 
Blankenship.  This  bulletin  gives  a  list  of  the  native  plants  used  by 
the  Indians  and  early  settlers  as  food*  or  medicine.  There  is  ap- 
pended a  Bibliography,  a  list  of  the  plants  classified  according  to 
use,  and  a  complete  index  of  the  common  names  of  the  plants. 

38   Pages 

Bulletin  No.  57, — Feeding  Pigs.  This  is  a-report  of  five  experi- 
ments in  feeding  pigs  on  a  grain  ration  with  various  supplimented 
foods,  as  milk,  clover,  roots,  and  pasture.  18  Pages. 

Bulletin  No.  58, — Fattening  Cattle.  This  bulletin  gives  the  re- 
sults of  experiments  in  feeding  two  car  loads  of  steers,  one  fed  dur- 
ing  the  winter  of  1903-4  and  the  other  during  the  winter  of  1904-5. 

26  Pages. 

Bulletin  No.  59, — Sheep  Feeding.  In  this  bulletin  is  recorded 
the  results  of  feeding  in  1903-4  a  deck  of  lambs  and  a  deck  of 
wethers  and  a  record  of  the  experience  of  shipping  them  to  Chicago. 
Also  the  results  of  feeding  a  mixed  lot  of  sheep  during  the  winter 
of  1904-5.  24  Pages. 

Bulletin  No.  66, — Onion  Growing  (a  preliminary  test).  This 
bulletin  reports  the  results  of  three  years  experiments  in  growing 
onions.  It  chives  an  account  of  varieties  adapted  to  Montana  condi- 
tions and  outlines  methods  of  growing  them  successfully.     16  Pages. 

Bulletin  No.  61, — I'ood  Adulterations,  by  F.  \V.  Traphagen. 
This  is  a  very  complete  presentation  of  the  subject  of  food  adultera- 
tions. It  gives  the  opinions  of  a  large  number  of  experts  on  the 
damage  and  danger  from  food  adulterations  and  the  results  of 
analyses  of  food  products  offered  in  the  markets  of  the  state.  48 
Pages. 

Bulletin  No.  62, — The  Third  Annual  Report  of  the  State  Ento- 
mologist.    This  gives  a  fairly  complete  write-up  of  the  Codling  Moth 
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in  Montana.  It  discusses  the  Plum  gouger,  and  the  .Corn  Worm, 
and  a  few  other  insects  that  are  troublesome  at  the  present  time 
over  the  state.     48  Pages,  and  4  Plates 

1 2th  Annual  Report, — 71  pages  and  2  plates. 


MAILING  LIST. 

The  Bulletin  mailing  list  of  the  Experiment  Station  is  in- 
creasing rapidly  and  at  present  is  within  a  few  hundred  of  5,000. 
i)i  this  amount  there  are  2984  bulletins  distributed  in  the  State, 
700  are  sent  to  the  Agricultural  Colleges,  the  Experiment  Stations 
and  allied  Institutions  throughout  the  U.  S.  195  are  sent  to  the 
farmers  and  others  interested  in  our  work  in  other  states,  and  27 
are  sent  to  the  Foreign  Countries. 

We  are  at  present  publishing  an  edition  of  5000  copies  of  each 
bulletin.  This  will  have  to  be  increased  for  the  coming  year,  by  at 
least  1000. 


LIST  OF  STATION  PUBLICATIONS. 


I 
2 

3 
4 

5 
6 

7 
8 


*  9 
*io 

12 

13 
14 


Organizations — Announcements. 

Smuts  of  Wheat,  Oats  and  Barley. 

Pig  Feeding. 

Glanders. 

First  Annual  Report,  Crop  Statistics  of  Gallatin  County. 

Measurement  of  Water. 

Small  Grains  and  Potatoes. 

Second  Annual  Report — Crop  Statistics  of  Gallatin  County — 
Parasitic  Ictero — Haematurhia  of  Sheep. 

Potatoes. 

Small  Grains,  Wheat,  Oats,  Barley. 

Devices  for  Obtaining  a  Constant  Flow  in  Laterals  with  Vari- 
able Heads  in  the  Main  Canals  or  Reservoirs. 

Third  Annual  Report,  Spaying  of  Mares. 

Drinking  Water. 

Montana  Swine  Feeding. 
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15.  Larkspur  Poisoning  of  Sheep. 

16.  Fourth  Annual  Report. 

17.  An  Army  Cut  Worm — ^The  Grain  Aphis. 
*i8.  The  Alkali  Soils  in  Montana. 

*I9.  The  Sugar  Beet  in  Montana. 

*20.  Fifth  Annual  Report. 

*2i.  Sheep  Feeding. 

*22.  Thirteen  Botanical  Subjects. 

23.  Injurious  Fruit  Insects;  Insecticides;  Insecticide  Apparatus. 

24.  Sixth  Annual  Report. 

*25.  Paris  Green,  and  London  Purple. 

*26.  Poultry  Raising. 

*27.  Live  Stock  Feeding  Tests,  Beef  Cattle,  Lambs  and  Swine. 

*28.  Seventh  Annual  Report. 

^29.  Quantity  of  Water  Used  in  Irrigation. 

*30.  Weeds  of  Montana. 

*3i .  Report  of  Grazing  and  Feeding  Tests,  Beef  Cattle  and  Lambs. 

32.  Eighth  Annual  Report. 

33.  Sugar  Beets  in  Montana. 

34.  Farmers'  Weirs. 

;35 .  Report  of  Feeding  Tests.  . 

36.  Forage  Conditions  in  Central  Montana. 

37.  Pork  Production  in  Montana. 

38.  Food  Adulterations. 

♦39.  Sheep  Feeding  in  Montana. 

40.  Root  Crops  in  Montana. 

41.  Sugar  Beets,  (1902.) 
.42.  The  Codling  Moth. 

Ninth  Annual  Report. 

43 .  The  Duty  of  Water. 

44'.  Apple  Growing  in  Montana. 

45.  The  Loco,  and  Some  Other  Poisonous  Plants  in  Montana. 

46.  Two  Insect  Pests. 

47.  Sheep  Feeding. 

48.  Steer  Feeding. 

.  49.  Contagious  Abortion  in  Montana. 

*50.  Poultry  Management  and  Poultry  Diseases. 

51.  First  Annual  Report  of  the  State  Entomologist. 
Eleventh  Annual  Report. 
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K2 


53 

54 
55 

56 

57 
58 

59 
60 

61 

62 


Sugar  Beets. 


Creameries  and  Cheese  Factories. 

The  Alkali  Soils  of  Montana. 

Second  Annual  Report  of  the  State  Entomologist. 

Eleventh  Annual  Report. 

Native  Economic  Plants  of  Montana. 

Feeding  Pigs. 
Fattening  Cattle. 
Sheep  Feeding. 
Onion  Culture. 
Food  Adulterations. 

Third  Annual  Report  of  the  State  Entomologist. 
Twelfth  Annual  Report. 
*Out  of  Print. 


DONATIONS  AND  LOANS. 


Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agriculture.     100  lbs. 

sugar  beet  seed    (Kleinswanzleben).     10  lbs.   Fenugrek   seed. 
Mr.  H.  Cordes,  Chicago,  Illinois.     50  lbs.  beet  seed  (Aderstedt). 

50  lbs  beet  seed  (Mangold). 
Dr.  D.  A.  Brewer  &  J.  E.  McLaughlin,  Gebo,  Montana.     20  lbs. 

Bentonite. 
J.  I.  Case  Threshing  Machine  Co.,  Racine,  Wisconsin.     I   i6-horsc 

power  traction  engine. 
Fuller-Johnson  Mfg.  Co.,  Madison,  Wisconsin.     One  8-horse  power 

gasoline  engine. 
John  Deere  Plow  Co.,  Moline,  Illinois.     One  16-inch  riding  plow. 
Aspinwall   Manufacturing  Co.,  Jackson,   Michigan.       One     potato 

cutter.     One  potato  planter. 
J.  D.  Tower  Co.,  Mendota.  Illinois.     One  surface  Cv^in  cultivator. 
The  Thos.   O'Hanlon   Co.,   Chinook,   Montana.     Five  pounds  blue 

joint  seed. 
The  Park-Davis  Co.,  Detroit,  Michigan.     30  samples  dry  culture 

Lactic  acid  for  starters. 
Elov  Ericsson.  507  Court  Block,  St.  Paul^  Minnesota.     30  Samples 

Ericsson's  butter  culture. 
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The  Creamery   Package   Manufacturing  Co.,  Minneapolis,  Minne- 
sota.    One  75-gallon  Disbrow  chum. 

New  York  Dairy  &  Machine  Construction  Co.     One  Sanitary  miik 
pump  loaned  to  us  during  the  winter  short  course. 

The  Union  Steam  Pump  Co.,  Battle  Creek,  Michigan.     One  "BB" 
Moore  boiler  feed  pump. 

Vermont  Farm   Machine   Co.,  Bellows   Falls,  Vermont.     One  650 
pound  United  States  Separator. 

The  De Laval  Separator  Co.,  74  Courtland  St.,  New  York.    One 
650  pound  Alpha  Separator. 

The    Empire   Cream    Separator   Co.,    Bloomfield,   N.   J.    One  650 
pound  Empire  Separator. 

The   Omega   Separator   Co.,   Lansing,   Michigan.     One  650  pound 
Omega  Separator. 

The  Sharpless  Separator  Co.,  West  Chester,  Pa.     One  750  pound 
Sharpless  separator. 

The  E.  W.  Ross   Co.,  Springfield,  Ohio.     One  16-inch,  self  feed, 
Ross  ensilage  cutter. 

Swift  &  Co.,  Chicago,  111.     500  pounds  meat  meal. 

Cyphers  Incubator  Co.,  Buffalo  New  York.     One  No.  2  incubator. 

John  W.  Barwell,  Waukegan,  Illinois.     One  gallon  Karbo  Kreso- 
late  Dip. 

Park  Davis  Co.,  Detroit,  Michigan.     10  gallons  Kreso  Dip. 

General  ^lachine  &  Supply  Co.,  Chicago,  Illinois.     One  hand  power 
sheep  shearing  machine. 

Siark  Bros.,  Louisiana,  ]Mo.     One  dozen  new  apple  trees  for  trial. 

Prof.  X.  E.  Nansen,  Brookings,  S.  Dak.     Small  plants  and  cuttings 
of  hardy  ornamental  plants. 

Zcnner  Disinfectant  Co.,  Detroit,  Michigan.     5  gallons  Zenoleum. 

Dr.  \\  illiam  Saunders,  Ottawa,  Ontario,     Canada.         Cuttings    of 
hardy  ornamental  trees. 

S.  A.  Bulford,  Experimental  Farm,   Brandon,   Man.     Hardy  orna- 
mental plants. 

W.  Atlec  Burpee  &  Co.,  Philadelphia,  Penn.     Flower  and  vegetable 
seeds. 
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EXCHANGE  LIST.  .      , 


Agricultural  Eptiomist,  Spencer,  Indiana. 

American  Fancier,  Johnstown,  New  York. 

American  Fertilizer,  Philadelphia,  Pennsylvania. 

American  Hay,  Flour  &  Feed  Journal,  Milwaukee,  Wisconsin. 

American  Poultry  Advocate,  Syracuse,  New  York. 

American   Poultry  Journal,   Chicago,   Illinois. 

Beet  Sugar  Gazette,  Chicago,  Illinois. 

Big  Timber  Pioneer,  Big  Timber,  Montana. 

.Billings  Times,  Billings,  Montana. 

Bozeman  Chronicle,  Bozeman,  Montana. 

Butte  Inter-Mountain,  Butte,  Montana. 

Chicago  Dairy  Drovers'  Journal,  Chicago,  Illinois. 

Chicago  Dairy  Produce,  Chicago,  Illinois. 

Chicago  Live  Stock  World,  Chicago,  Illinois. 

Chicago  Markets,  Chicago,  Illinois. 

Chinook  Opinion,  Chinook,  Montana. 

Coleman's  Rural  World,  St.  Louis,  Missouri. 

Daily  Independent,  Helena,  Montana. 

Dairy  Record,  St.  Paul,  Minnesota. 

Deseret  Farmer,  Provo,  Utah. 

Dillon  Examiner,  Dillon.  Montana. 

Dillon   Tribune,   Dillon,   Montana. 

Farmers'  Advocate,  Winnipeg,  Manitoba. 

Farmer  &  Breeder,  Sioux  City,  Iowa. 

P'armers'   Guide,  Huntington,  Indiana. 

Farmers'  Review,  Chicago,  Illinois. 

Farm,  Field  &  Fireside,  Chicago,  Illinois. 

Farm  Home,  Springfield,  Illinois. 

Farm  Journal,  Philadelphia,  Pennsylvania. 

Farm  Progress,  .St.  Louis,  Mo. 

Farm  News,  Springfield,  Ohio. 

Farm,  Stock  &  Home,  Minneapolis,  Minnesota. 

F'arm  Poultry,  Boston,  Mass. 

Feather,  Washington,  D.  C. 

Fruit  Grower,  St.  Louis,  Mo. 

Furrow,  Moline,  Illinois. 

Gallatin  County  Republican-Courier,  Bozeman  Montana. 


or 
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Gallatin  Farmer  &  Stockman,  Belgrade,  Montana. 

Gem  State  Rural,  Caldwell,  Idaho. 

Gleanings  in  Bee  Culture,  Medina,  Ohio. 

Glendive  Independent,  Glendive,  Montana. 

Great  Falls  Weekly  Tribune,  Great  Falls,  Montana. 

Home  &  Farm,  Louisville,  Ky. 

Horticultural  Visitor,  Kinmundy,  111. 

Hospodar,  Omaha,  Neb. 

Independent,   Miles   City,   Montana. 

Irrigation  Age,  Chicago,  Illinois. 

Jersey  Bulletin,  Indianapolis,  Indiana. 

Kansas  Farmer,  Topeka,  Kansas. 

Kimball's  Dairy  Farmer,  Waterloo,  Iowa. 

Livingston  Post,  Livingston,  Montana. 

Madison  County  Monitor,  Twin  Bridges,  Montana. 

Madisonian,  Virginia  City,  Montana. 

Milk  River  Valley  News,  Harlem,  Montana. 

Montana  Stockman  &  Farmer,  Helena,  Montana. 

National  Farmer  &  Stockgrower,  St.  Louis,  Mo. 

National  Farmer,  Winona,  Minn. 

Nebraska  Farmer,  Omaha,  Neb. 

Northwest  Poultry  Journal,  Salem,  Oregon. 

Northwest  Tribune,  Stcvensville,  Montana. 

Orange  Judd   Farmer,  Chicago,  Illinois. 

C^regon  Agriculturist,  Portland,  Ore. 

pacific  Coast  Fancier's  Monthly,  San  Jose,  Cal. 

Pacific  Dairy   Review,  San  Francisco,  Cal. 

Pacific   Fruit  World,   Los  Angeles,   Cal. 

Pacific   Poultrynian,  Tacoma,  Washington. 

Park,  Cemetery  and  Landscape  Gardening,  Chicago,  Illinois. 

Plainsman,  Plains,  Montana. 

Poultry  Herald,  St.  Paul,  Minn. 

Poultry  Husbandry,  Waterville,  New  York. 

Poultry  Success,  Springfield,  Ohio. 

Prairie  Farmer,  Chicago,  Illinois. 

Rocky   Mountain   Husbandman,   Great   Falls,,.  Montana. 

Republic,  St.  Louis,  Mo. 

Rural  New  Yorker,  New  York. 

Semi-Weekly   Missoulian,  Missoula,  Montana. 


J 
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Southern  Farm  Magazine,  Baltimore,  Md. 

Southwestern  Farmer  &  Breeder,  North  Fort  Worth,  Texas. 

Stockgrowers'  Journal,  Miles  City,  Mont. 

Successful  Farming,  DesMoines,  Iowa. 

Successful  Poultry  Journal,  Chicago,  Illinois. 

The  Sugar  Beet,  Philadelphia,  Pa. 

Wallace's  Farmer,  DesMoines,  Iowa. 

Western  News,  Hamilton,  Montana. 

Western  News,  Libby,  Montana. 

Western  Swine  Breeder,  Lincolh,  Neb. 

World,  Vancouver,  British  Columbia. 

Yellowstone  News,  Mondak,  Montana. 

Reliable  Poultry  Journal,  Quincy,  Illinois. 


L 
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ANIMAL  INDUSTRY  DEPARTMENT. 

F.  B.  LINFIELD. 

During  the  past  year  the  Animal  Industry  Department  carried 
on  an  number  of  experiments  with  steers,  sheep  and  hogs.  The 
results  of  these  tests  were  reported  in  Bulletins  Nos.  57,  58  and  59 
and  these  have  been  distributed.  During  the  coming  ye?r  it  is 
planned  to  take  up  some  experiments  in  feeding  milk  cows  and  in 
the  raising  of  calves,  both  for  the  dairy  and  for  beef.  A.s  socn  as 
the  pasture  can  be  properly  divided  some  tests  will  be  made  of  the 
value  of  permanent  pasture  under  irrigation. 

Considerable  work  yet  needs  to  be  done  to  get  the  pasiiures 
and  yards  in  shape  for  the  most  satisfactory  work  with  our  live 
stock,  and  these  things  take  time  as  well  as  funds. 

POULTRY    DIVISION. 

.  In  the  poultry  division,  Mr.  James  Dryden  severed  his  con- 
nection with  the  Station  in  the  spring  of  1905  and  later,  Mr.  J-  R. 
Scott  of  Dillon,  was  engaged  to  take  charge  of  the  plant  and  has 
lendered  very  able  service.  It  has  been  a  year  of  expansion  and 
building  in  this  division.  During  the  year  a  new  poultry  house  li<is 
been  built  large  enough  to  accommodate  about  200  laying  hens, 
which  gives  three  times  the  previous  capacity  of  the  poultry  plant. 
A  woven  wire  fence  has  been  built  around  the  ground  set  apart  :or 
the  poultry  work,  enclosing  about  2  1-7  acres. 

The  number  of  breeds  of  fowls  kept  were  increased  during  the 
year  and  we  now  have  Single  Comb  Brown  Leghorns,  Rose  Comb 
Brown  Leghorns,  Single  Comb  White  Leghorns,  White  Wyandbttes 
Barred  Plymouth  Rocks,  and  White  Brahmas.  This  gives  us  rep- 
resentative breeds  of  the  three  main  types  of  fowls. 

During  the  year  we  have  raised  a  large  number  of  fowls  to  replace 
the  old  stock  on  hand  and  to  fill  up  the  space  provided  in  the  new 
house. 

The  trap  nests  were  run  throughout  the  year  in  several  pens  and 
we  now  have  yearly  egg  records  for  a  large  number  of  the  birds. 
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These  egg  records  will  be  used  as  a  basis  for  breeding  up  and  im- 
proving the  flock,  the  increase  stock  to  be  added  to  the  flock  we  will 
raise  from  the  large  layers.  , 

In  a  pen  of  8  Barred  Plymouth  Rocks,  the  tgg  record  ranged 
from  6i  to  105  eggs  for  the  year.     The  average  egg  record  was  80. 

A  pen  of  four  Single  Combed  White  Leghorns  produced  from 
107  eggs  to  133  and  averaged  126  for  the  year. 

A  pen  of  three  Rose  Combed  Brown  Leghorns  produced  from 
113  eggs  to  147  eggs  and  averaged  133  eggs  for  the  year. 

We  had  three  pens  of  Single  Comb  Brown  Leghorns  and  for  two 
of  these  the  trap  nests  were  used.  In  the  first  pen  there  were  24  birds 
They^  laid  from  16  to  156  eggs  each  and  averaged  94  for  the  year. 
The  second  pen  contained  25  fowls.  The  egg  productions  ranged 
from  42  to  140  eggs  for  the  year  and  averaged  105.  The  third  pen 
was  kept  in  a  small  colony  house,  and  contained  30  Single  Comb 
Brown  Leghorns  for  8  months  of  the  year  and  after  that  but  15 
1>irds.  The  total  eggs  produced  were  3309,  which  at  an  average  of 
20  birds  for  the  year  would  mean  an  average  return  of  165  eggs  for 
the  12  months  from  each  bird.  These  birds  had  quite  a  free  range 
but  were  housed  in  a  small  cheap  house  8x14  feet  with  a  small  roost- 
ing pen  4x7  with  a  drop  curtain  in  front.  These  fowls  made  the  best 
record  of  any  on  the  place  and  the  house  that  sheltered  them  cost 
not  more  than  $25.00  to  $30.00.  At  an  average  price  of  2  cents  a 
piece  for  the  eggs  (24c  a  dozen)  the  pen  returned  $66.18  or  over 
$3.00  each  for  the  average  of  20  birds  for  the  year. 

NEW  POULTRY  BUILDING. 

Plates  I  and  2  present  a  front  view  and  plans  of  the  new  poul- 
try building.  This  house  is  built  with  an  open  curtain  front,  scratch- 
ing shed  and  a  roosting  room  that  may  be  closed  up  snugly  in  cold 
weather.  The  outside  walls  at  the  back  and  ends  are  boarded  with 
rough  lumber  on  the  studding,  then  tarred  paper  and  on  this  rustic 
siding.  Two  roosting  pens  are  built  together  and  are  divided  by 
a  single  board  partition.  The  outside  walls  of  the  roosting  pen  have 
tar  paper  and  shiplap  on  each  side  of  the  studding.  The  roof  of 
the  roosting  pen  is  first  tar  paper  on  the  rafters  and  then  sealed  with 
shiplap.  This  gives  quite  a  warm  pen  and  the  birds  kept  in  good 
health  even  in  the  coldest  weather.  The  drawings  give  sufficient 
data  to  fully  explain  the  other  details  of  the  building. 
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BIOLOGICAL    DEPARMENT 

R,  A  COOLEY,  Entomologist. 


Under  executive  instruction,  on  July  i,  1905,  the  Entomologi- 
cal Department  was  extended  and  made  to  embrace  experiment  sta- 
tion work  in  botany  also,  the  new  department  being  known  as  the 
Biological  Department.  In  adjusting  ourselves  to  the  change  it 
became  necessary  to  make  extensive  rearrangements  in  the  rooms 
previously  occupied  by  the  Entomological  and  Botanical  Depart- 
ments. As  these  changes  were  going  on,  it  seemed  advisable  also  to 
rearrange  the  office  work  in  entomology,  placing  it  on  a  more  sys- 
tematic basis.     Confronted  by  these  duties,  it  was  found  inadvis- 

m 

able  to  attempt  extensive  field  investigations  during  the  summer 
months.  Accordingly,  much  time  was  spent  in  the  office  and  in 
supervision  of  the  changes  underway  and  the  construction  of  the 
insectary. 

With  our  new  facilities,  we  feel  that  our  efforts  may  be  much 
more  eiToctive  in  the  future.  It  will  now  be  possible  to  make  life- 
'  history-  studic?,  which  were  quite  out  of  the  question  before  the 
erection  of  the  insectary.  However,  we  must  again  call  attention 
to  the  fact  that  the  rooms  we  now  occupy  for  our  College  and  r!x- 
perimeiit  Station  work  are  inadequate  and  inappropriate  for  the 
work  demanded  of  us  by  the  state  and  provided  for  by  federal  funds. 
The  only  space  we  have  available  for  general  work,  outside  of  the 
over-crowded  office,  is  in  the  Zoological  laboratory  used  by  classes 
in  zoology  and  physiology.  In  this  same  room,  next  year,  it  will 
be  necessary  not  only  to  have  two  distinct  kinds  of  laboratory  work 
conducted,  but  in  one  of  these  lines  it  will  be  necessary  to  have  the 
class  separated  into  divisions. 

INSECT  COLLBCTIOlSr. 

Through  collecting  and  exchange  we  are  accumulating  a  large 
and  valuable  cabinet  of  insects  of  all  orders.  During  the  past  year 
many  additions  have  been  made  and  the  collections  have  been  put 
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in  readily  accessible  form.  We  have  recognized  nearly  125  species 
of  Orthoptera  from  Montana,  and  the  collection  of  Coleoptcra,  in- 
cluding some  secured  from  out  of  the  state,  nc»v/  numbers  about 
1,500  species..  For  the  future  usefulness  of  our  work  in  entomol- 
ogy, it  will  be  necessary  to  press  forward  with  this  branch  until 
our  collections  represent  at  least  a  fair  proporti^^n  of  our  -Montana 
insects. 

BOTANICAL  COLLECTIONS 

The  herbarium,  owited  by  both  the  College  and  the  Experiment 
station,  contains  about  15,000  sheets  of  Montana  species,  about  5,000 
from  ether  r>arts  of  the  United  States,  and  800  specie.-s  froai  Itiri'a, 

Of  Cryptogams,  our  herbarium  now  contains  Cummings,  Will- 
iams and  Seymour's  Lichenes  Boreali  Americani  (250  specimens), 
Renauld  &  Cardot's  Musci  Europaei  (250  specimens),  Collins,  Holdr 
en,  &  Setchell's  Phycotheca  Boreali  Americana  (850),  Seymour 
&  Earle's  Economic  Fungi  (500),  Ellis  &  EVerhart's  Fungi  Colum- 
biani  (2,200),  and  several  hundred  other  specimens' from  Montana. 

ENTOMOLOGICAL  FBAIURES  OF  THE  YEAR 

In  more  or  less  restricted  localities  grass-hoppers  have  been 
abundant  and  injurious.  The  Two-stripped  Locust  (Melanophia 
bivittatus  Say.)  has  been  excessively  abundant  in  some  places  in  the 
Yellowstone  Valley.  One  somewhat  neglected  orchard  was  visited 
m  which  these  grasshoppers  almost  covered  the  earth  and  clung 
to  the  trees  in  great  numbers.  Residents  of  the  locality  who  were 
with  me  did  not  consider  them  to  be  abundant  compared  with  other 
nearby  localities.  This  species  was  also  found  in  some  places  in- 
juriously affecting  sugar  beets  by  eating  out  the  tender  growing 
centers  of  the  plants,  and  alfalfa  by  biting  off  seed  bearing  stems  in 
fields  grown  for  seed.  Other  species  abundant  and  complained  of 
by  farm  owners  are  the  Carolina  Locust  {Dissosteria  Carolina  Linn.), 
the  Lesser  Migratory  Locust  (Melanoplus  atlanis  Riley),  and  the 
Red-legged  Locust      (Mclanoc-plus  femur  -rubrum,  De  G.) . 

The  Currant  Maggot  and  the  Gooseberry  Fruit  Worm  have 
been  prominent  by  reason  of  the  number  of  inquiries  that  have  been 
niade  regarding  them.     Cut  worms  were  abundant  in  the  early  part 
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oj'  the  season  in  gardens,  beet  fields,  and  on  lawns.  A  related  spec- 
ies known  popularly  as  the  Cotton  Boll  Worm  or  the  Corn  Worm 
[Hcliotltis  armiger  Hubn.)  became  injurious  to  sweet  com  in  all  parts 
ot  the  state  and  it  attacked  field  corn  freely  also  in  the  few  fields 
to  be  found  in  the  Yellowstone  Valley.  In  many  fields  of  sweet 
corn  only  a  small  proportion  of  the  ears  escaped  injury.  Plant 
lice  (Aphididac)  of  various  species  have  continue;  to  be  very  abund- 
ant. Prominent  among  these  are  t^«e  ** Grain  Aphis"  {Nectarophora 
granaria  Kirby),  the  "Apple  Leaf  Aphis"  {Aphis  pomi  ^e  G.),  ''The 
Cabbage  Aphis"'  {Aphis  hrassicac  Linn.),  **The  Box-Elder  Plant 
Louse"  {Chaitophorus  negundensis  Thone.)  and  the  "Elm  GalMouse" 
{SchisoneurQ  amcricana  Riley). 

In  the  western  part  of  the  state  the  Oyster-shell  Bark-louse 
finds  conditions  so  favorable  to  its  existance  that  it  multiplies 
rapidly  and  where  present  is  looked  upon  as  a  serious  pest.  It  has 
been  detected  in  a  few  new  locations  during  the  past  year.  Wc 
liave  rviceived  numerous  complaints  of  the  Spotted  Blister  Beetle 
{Epicauta  niaculata  Say),  particularly  as  a  pest  of  potatoes  and  sugar 
beets. 

PRELIMINARY    REPORT   ON    SUGAR    BEET    INSECT   PESTS 

That  Montana  will  succes^ifully  produce  sugar  beets  on  a  com- 
mercial scale  seems  to  be  an  assured  fact.  A  sugar  beet  factory, 
will  be  erected  in  Billings  in  season  to  care  for  the  beet  crop  of  that 
vicinity  for  the  season  of  1906,  and  a  number  of  other  factories  will 
doubtless  soon  be  estblished.  The  list  of  insect  pests  attacking 
cugar  beets  in  the  United  States  is  rather  a  long  one  and  it  must  wot 
be  expected  that  Montana  will  be  favored  with  less  than  her  share. 
It  seemed  desirable  at  this  time  to  present  a  preliminary  report  on 
the  insects  that  will  or  may  be  encountered  by  our  farmers  as  they 
take  up  this  industry  which  to  them  will  be  new. .  Accordingly  the 
Entomologist  made  a  short  tour  through  the  section  about  Billings 
in  August  1905,  for  the  purpose  of  detecting  as  many  as  possible 
of  the  insects  that  may  be  expected  to  be  more  or  less  serious  as 
pests  of  the  sugar  beet.  Only  a  very  few  days  were  spent  in  that 
part  of  the  state  and  we  are  surprised  to  find  so  many  of  the  pe«ts 
of  this  class  that  have  been  reported  from  other  parts  of  the  United 
States. 
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THE   LARGER   SUGAR  BEET   LEAF   BEETLE 
Monoxia  puncticollis  Say. 

This  insect  was  found  in  a  small  field  of  sugar  beets  west  o( 
Billings.  The  beetles  are  gregarious  and  their  brownish  grey.e^s 
are  deposited  unsually  on  the  under  side  of  the  leaves.     The  princi- 


Elg  1.  3fonoxia  puncticoilis :  a.  female  beetle:  b, 
eggs;  c.  larva,  dorsal  view;  d,  larva,  lateral  view;  O, 
claw  of  male;  O,  claw  ot  female — all  much  enlarged, 
male  and  female  clawe  more  eDlorged  (Chittenden's 
illuBtration,  Division  of  Entomolt^y)  U,  3.  Depart- 
ment of  Agriculture. 

pal  injury  is  done  by  the  larvae  hatching  from  these  eggs  although 
the  beetles  were  taken  eating  also.  It  feeds  on  a  number  of  native 
■wild  plants  which  occur  in  Montana.  According  to  Prof.  Gillette 
it  is  double  brooded.  The  larva  measures  one  third  of  an  inch  in 
langth,  is  dark  olive  brown  in  color  with  pale  yellow  spots  or  tuber- 
cles which  are  covered  with  fine  hair. 

This  is  a  western  species  perfectly  at  home  in  the  eastern  part 
of  Montana  and  it  is  probable  that  wherever  its  native  food  plants 
are  destroyed  in  plowing  up  fields  for  sugar  beets  the  insects  will  be 
more  or  less  injurious  on  sugar  beets.  It  has  not  yet  been  demon- 
strated whether  this  species  will  become  a  particular  pest  of  sugar 
beets  leaving  its  old  food  plants  as  did  the  Colorado  potato  beetle 
years  ago. 
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;  .     PALE  STRIPED  FLEA-BBBTLB 

Syttena  blanda  Mels. 

This  species  lias  long  l>f«n  known  a?  an  enemy  of  hoeis  and 
more  recently  has  gained  notoriety  as  a  sugar  beet  pest.  It  attacks 
the  plants  while  quite  young,  often  injuring  large  areas  by  prevent- 
ing the  young  plants  from  getting  a  start.  They  have  been  very 
injurious  in  Colorado.  Among  the  many  species  of  flea  beetles  this 
is  one  of  the  most  common  and  most  destructive.     It  measures  about 


Ffg.  2.  Sygtena  blanda:  a,  larva;  b,  Beetle;  C, 
eggs;  d,  sculpture  of  egga;  e,  anal  ttegiaeat,  trom 
Bide;  f,  same  from  above —  a-d,  alx  times  iiatnT«l 
Elze;  e,  t,  much  enlarged  (Chittenden's  UluBtratkm, 
DMalon  at  EMtomology,  U.  S.  Dept  of  Asriculture.) 

an  eighth  of  an  inch  in  length  and  has  striped  wing  covers.  It  at- 
tacks a  long  list  of  other  plants  besides  beets,  com  and  potatoes 
being  among  its  favorites. 

The  beetle  hibernates  in  the  adult  state,  appearing  in  the  spring 
upon  the  plants  just  as  they  leave  the  ground.  The  slender  whitish 
larvae  feed' on  the  roots  of  various  plants. 
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THE  BANDED  FLBA-BBErTLB 
Sjlgtena  taeniata  Say. 

The  paie  striped  flea  beetle  has  not  yet  been  taken     by     the 
writer  in  Montana  though  it  probably  occurs  here  in  great  numbers 


Ion  of  Entoinolog7,  U.  S.  Department  of  Agrlcultura). 

in  the  eastern  portion  of  the  state.  The  Banded  Flea-Beetle  is 
known  from  notes  in  this  office  to  be  a  common  species  in  Montana. 
It  frequently  attacks  the  sugar  beet.  Its  habits  and  method  of  work 
are  similar  to  the  preceeding  species. 

THE  WESTERN  CABBAGE   FLEA-BBETLE 
Phyllotreta  pmilla  Horn. 
This  is  another  common  western  species  which  is  very  liable  to 
appear  in  the  fields  around  Billings.     It  has  been  very  common  in 


Fig.  4.  Phyllotreta  pusilla— much  enlarged  (after 
Riley,  division  of  Entomotosy,  U.  S.  Depi.  of  Agricui- 
tur«). 

parts  of  Colorado.     It  is  particularly  injurious  to  turnips  and  cab- 
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bages.  We  have  received  numerous  complaints  of  flea  beetles  oq 
these  crops  in  the  Yellowstone  Valley  which  we  believe  to  be  at- 
tributable to  this  species  although  no  specimens  have  been  received. 
Like  the  other  flea  beetles  its  injuries  are  most  apparent  in  the 
spring  of  the  year  when  large  numbers  of  the  adults  appear  in  the 
fields  destroying  the  young  plants. 

"  "^  THE  SPINACH  CARRION  BEIH'LE 

Silplia  bilvlieniaa  Lee. 

Unlike  the  preceeding  species  S,  bituberosa  is  a  very  common 
Montana  species.  It  may  often  be  seen  in  the  spring  of  the  year 
running  about  on  the  surface  of  the  ground.  While  the  preceeding 
species  is  an  introduction  from  Europe  this  is  native  and  seems  to 
be  particularly  abundant  in  the  Northwest  and  in  British  America. 
At  times  they  occur  almost  in  swarms. 

The  beetle  measures  nearly  half  an  inch,  dull  black  in  color. 


Fig.  5.      Silphii  bituUrom:      adult— much     enlarged 
(Chittenden  Division    Entomology.  U.  S.  I>epBrtment 

o[  A grf culture.) 

and  has  two  prominent  elevated  lines,  one  on  each  side  on  the  wing 
covers,  which  end  abruptly  two  thirds  of  the  way  from  the  anterior 
end  of  the  wings. 

From  the  fact  that  S.  opoca  has  not  been  taken  in  this  state 
and  that  S.  bituberosa  has  been  found  to  be  very  common,  it  seems 
probable  that  injuries  to  the  leaves  of  sugar  beets  is  done  by  the 
tatter  species. 
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THE  BEET  CARRION  BBErTLE 
Silplia  opaca  Linn. 
AVe  have  received  a  number  of  complaints  accompanied  bj 
specimens  which  were  attributable  to  either  this  or  a  similar  species 
of  bc^llo.  We  have  not  taken  S.  opaca  in  Montana  and  our  efforts 
to  feed  tiicse  larvae  in  confinement  in  order  to  secure  adults  have 
not  been  successful  owing  probably  to  lack  of  suitable  convenien- 
ces. The  larvae  are  black  shining  objects  in  general  appearance 
resembling  sow  bugs.  They  feed  at  night  or  morning  and  evening 
and  drop  from  the  leaves  and  disappear  suddenly  as  one  approaches 
them.  Tliis  species  has  long  been  known  as  an  enemy  of  sugar  , 
beets  and  though  others  in  the  same  group  attack  beets  this  is  pro- 
bably responsible  for  more  damage  than  any  other.  A  considerable 
amount  of  damage  has  been  done  by  this  or  similar  species  on  the 
Experiment  Station  farm.  These  beetles  are  remarkable  for  the 
fact  that  they  are  exceptions  to  the  characteristic  habits  of  the  fam- 
ily. The  great  majority  of  the  species  feed  in  decaying  and  putrid 
matter. 


THE  SPOTTED  BLISTKR  BEETLE 

Epicduta  mm-iildlu  Say. 

During  the  past  four  years  we  have  received  many  complaints 

of  the  spotted  blister  beetle  as  an   enemy  to  potatoes,  beets,  and 

various  other  plants.     Among  our  farmers  it  is  popularly  called  the 

long  potato  beetle.     Dnring  visits  to  various  sections  in  the  Yellow- 


Flg  G.  K*ieuulft  ») fi'-H /a («— nearly  three  times  Da- 
tuial  Bise  (Chittenden  DlvlalOQ  of  Entomology,  U.  S. 
Department  of  Agrlcultuie). 

Stone  Valley  we  have  almost  invariably  found  this  species  to  be 
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abundant.  The  early  stages  of  these  beetles  make  an  interesting 
study.  Their  habits  and  development  are  unlike  those  of  most 
beetles.  Some  species  of  this  family,  Meloidae,  have  been  found 
tc  be  of  some  benefit  as  destroyers  of  eggs  of  grass  hoppers  and  it 
is  very  probable  that  £.  niaciilata  in  the  larvale  state  feeds  on  the 
eggs  of  the  common  grasshoppers  of  the  regions  it  occupies.  Two 
years  ago  at  rh?:  time  giassliuppcrs  wert  so  very  abundant  in  the 
valley  of  the  Yellowstone,  we  received  an  unusual  unmbrr  of  com- 
pla-Mls  of  this  beetle  as  a  destroyer  of  tlic  tops  of  potali-es.  It 
seemed  probable  that  the  usual  numbers  of  the  bcetis  had  been  pro- 
duced as  a  direct  r-^sult  of  the  abundanct  of  food  in  the  form  of 
grasshopper  eggs.  We  were,  therefore,  at  a  loss  to  know  what  to 
advise  with  reference  to  the  treatment  for  this  beetle.  If  this 
beetle  is  a  natural  and  formidable  enemy  of  grasshoppers,  it  would 
seem  to  be  a  mistake  to  destroy  them.  It  is  evident,  therefore,  that 
more  information  regarding  the  life  history  of  this  species  should 
be  obtained. 

NUTTALL'S  BLISTER  BEETLE 
Can  ikariK  nut  tall  i  Say. 
Nuttall's    Blister   Beetle   is  a   very   common   and   conspicuous 
species  in  Montana.     Its  colore  ars  bright,  metallic  blue,  though 


Fig.  7,  CiiiithtirU  nullnltt:  female  beetle,  on»-thlrd 
larger  than  natural  size  ( ChilteDden's  illustrstion. 
Division  o[  Entomology,  U.  S.  Department  of  AgrI:). 

at  times  individuals  have  a  purplish,  coppery  appearance.     They 
are  often  found  feeding  gregariously,  sometimes  in  great  numbers 
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THE  SUGAR  BEET  WEBWORM. 

Loxosleye  aticticiiliB  Linn. 


This  species  has  been  introduced  from  abroad  and  is  gradually 
widening  its  range.  The  moth  with  fully  expanded  wings  measures 
a  little  less  than  an  inch  from  tip  to  tip  and  is  of  a  purplish  brown 
color  with  darker  and  paler  bands  as  shown  in  the  accompanying 
figure.     The  old  home  of  this  insect  appears  to  be  northern  Asia 


Fig.  8.  Lhj-ohIfiip  KtieliKatiii:  a.  moth,  twice 
natural  size;  b.  larva,  leas  enlarged ;  c,  upper  sui- 
face  of  first  prolog  ot  larva;  d,  side  view  or  same, 
<■-.  Q,  more  enlarged  (ChlUendea,  Dlslslon  of  Ento- 
mology, U.  S.  Department  of  Agriculture). 

and  Europe  and  it  is  likely  that  it  was  introduced  from  the  Orient 
on  the  Pacific  Coast.  From  there  it  has  been  slowly  spreading 
eastward. 

In  a  wild  state  in  this  country  it  feeds  on  pigweed  (Antarantkus) 
and  lambsquarter  (Clicnopodiutu)  and  in  .Europe  it  feeds  of  a  species 
of  Arlemcsla.  This  species,  in  a  few  instances,  has  been  very  des- 
tructive to  sugar  beets. 


ANNUAL.  niCPORT 


THE  BEET  ARMY  WORM 
Caradrina  e.riguii  Hbn. 
The  beet  army  worm  is  perhaps  the  insect  most  feared  by 
growers  of  beets  in  the  west.  It  is  an  imported  species  having  come 
to  this  country  by  way  of  the  Pacific  coast  and  is  now  migrating 
eastward.  It  has  in  a  few  instances  been  very  destructive  to  sugar 
beets  and  a  few  other  plants  and  is  to  be  looked  upon  as  a  ven' 
serious  pest.  It  has  not  yet  been  detected  in  Montana.  Allowing 
lor  our  cooler  climate  it  may  be  expected  if  at  all  in  this  state  in 
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Fig.  10.  (.'aruifrinri  f.riiigii:  a,  moth;  b,  larva, 
lateral  view;  c,  larva^  Jorsal  view;  d.  head  o(  larva; 
e.  egg,  viewed  from  above;  f,  egg.  from  sice-ail  en- 
larged (after  Chittenden.  Division  of  Eotomologr,  U. 
S.  Department  of  AgrlcuUiire). 

the  latter  part  of  June  or  early  in  July.     A  second  brood  conies  in 
the  late  autumn. 

The  larva  resembles  a  cutworm  but  is  rather  more  slender  than 
most  cutworms.  The  head  is  small  and  the  body  is  greenish  as 
shown  in  the  figure.  Its  food  plants  are  fairly  numerous,  including 
wild  grasses,  planting,  corn,  potatoes,  onions,  peas,  lambs<iuarter. 
pigweed,  and  saltbush.  The  wings  of  the  moth  are  mottled  gray 
and  expand  less  than  an  inch  and  a  half. 
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THE  GARDEN  WEBWORM 

Loxostege  similalis  Gn 

Like  the  sugar  beet  webworm  this  species  feeds  on  pigweed 

in  a  wild  state  but  unlike  that  species  is  a  native  American  insect. 

It  is  smaller  than  the  sugar  beet  species  as  shown  in  the  figures.     It 

feeds  on  a  large  number  of  plants  but  is  particularly  injurious  to 
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Fig.  9.  Loxostege  similalis:  a,  male  moth;  b, 
larva,  lateral  view;  c.  larva,  dorsal  view;  d.  anal 
segment;  e,  abdominal  segment,  lateral  view;  f, 
pupa;  g,  creamaster — a,  b,  c,  f,- somewhat  enlarged; 
d.  d,  g,  more  enlarged  (re-engraved  after  Riley,  ex- 
cept c,  (Chittenden,  Division  of  Entomology.  U.  S. 
Department  of  Agriculture). 


com  and  cotton  where  these  plants  occur,  vegetables,  cereals  and 
grasses  making  up  its  less  preferred  diet.  This  .insect  has  not  yet 
been  detected  in  Montana  and  while  it  may  do  injury  here  it  is 
thought  that  we  are  out  of  the  zone  in  which  it  is  injurious. 
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THE  VARBOATED  CUT-WOBM 

Peridroma  margarifoga  Haw. 
Of  all  the  various  cut  worms  this  species  is  perhaps  the  most 
destructive.  It  occurs  throughout  Europe  and  the  United  States. 
Its  well  known  habit  which  it  foUowes  in  common  with  many  other 
cut  worms  of  cutting  off  plants  at  or  just  below  the  surface  of  the 
ground  renders  it  a  very  destructive  species.  There  can  be  little 
doubt  but  that  more  or  less  damage  will  be  done  by  this  insect  in 
the  sugar  beet  fields  of  Montana. 


Fig.  11.  Peridroiiia  miirgaritosa:  a.  moth;  D,  norm&l 
form  of  larva,  lateral  view;  c,  same  In  curved  posi- 
tion; d.  dark  form,  dorsal  ylew;  e,  egs  from  side; 
I,  egg  mass  on  twig  (after  Howard,  Division  of  En- 
tomology, U.  S.  Department  of  Agriculture). 

TTie  full  grown  cut  worm  measures  one  and  three-fourths 
inches.  It  is  dull  brown  in  general  color  mottled  with  gray  and 
smokcy  black.  A  row  of  four  to  six  yellow  rounded  spots  half  way 
between  the  dorsal  and  latteral  line  is  characteristic  of  this  cater- 
pillar. We  have  bsen  unable  to  bring  to  maturity  any  of  the  cui 
worms  from  the  eastern  end  of  the  state.  Among  those  that  have 
been  reared  from  Gallatin  County  we  have  not  yet  taken  this 
species.  It  may  be  confidently  stated,  however,  that  it  is  here  and 
that  it  will  continue  to  injure  various  crops  particularly  those  in 
the  vegetable  gardens. 
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THE  WESTERN  ARMY   CUTWORM 
Chorizayrotia  agretteg  Grote. 
This  species  has  become  notorious     throughout     the     United 
States  for  a  remarkable  raid  upon  crops  in  the  Bitter  Root  valley. 


Fig.  13.  Choriin'jmtis  nqrenlin:  moth  above: 
larva,  dorsal  view,  in  center;  larva,  ventral  view, 
telow— some- what  enlarged  (Chittenden,  Divialon  ol 
Entomolog)',  U.  S.  Department  of  Agriculture). 

.  Besides  attacking  beets  it  feeds  voraciously  on  a  large  number  of 
farm  and  garden  plants.  The  species  is  widely  distributed  in  the 
West  and  may  cause  damage  to  sugar  beets. 


THE  GREIAST  CUT-WOB^•. 
Agrotis  ypnilnn  Rott. 
This  cutworm  is  commonly  found  in  beet  fields  according  to 
reports  of  various  writers.  It  is  one  of  the  most  abundant  and  in- 
jurious of  the  insects  of  this  kind.  Tn  size  it  resembles  the  varia- 
gated  species  in  the  larvae!  state.  It  is  of  a  dull  dirty  brown  as  in 
various  cut  worms  but  has  the  ventral  surface  paler  and  tinged  with 
green.     The  entire  surface  has  a  glistening  or  greasy  appearance. 


Fig.  13.  Aarotix  ypitilnti,  a  beet  cutworm:  a,  larva, 
b.  head  of  same;'  c,  aduH~«omewhat  enlarged  (from 
Howard,  Division  of  Entomology,  U.  S.  Department 

of  Agriculture). 

Its  habit  of  cutting  off  plants  is  pronounced. 

With  the  two-striped  locust  a  few  other  species  were  feeding 
in  abundance.  The  Rcd-Leggcd  Locust  {Mdanoplus  femur-nibniM 
De  G.)  was  among  these  species  and  is  a  common  grasshopper  in 
the  eastern  part  of  Montana.  In  some  spots  also  the  black-winged 
locust  {Dissoslicra  Carolina  Linn.)  was  found  in  considerable  numbers 
scattered  throughout  the  beet  fields.  It  is  a  strong  flier  and  pene- 
trates much  farther  into  fields  from  the  native  vegetation  than  du 
the  two  species  above  mentioned. 
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THE  TARNISHED  BUG  PLANT 
(Lygu»  praten»in  Lina-I 
Of  all  the  true  bugs  occurring  in  Montana  this  is,  perhaps,  the 
most  abundant.  It  abounds  on  all  native  vegetation  and  is  often 
reported  injurious  in  the  spring  of  the  year.  It  prefers  the  young 
tender  parts  of  plants,  and  by  feeding  upon  them  causes  them  to 
■wilt  or  become  dwarfed.       The  adult  insect   is  a  little  over  one- 


Fig.  14.  Lygua  pratensia:  adult  bug  at  left;  last 
stage  of  nymph  at  right — nearly  four  times  natural 
size  (Chittenden,  Division  of  Entontol<«y,  U.  S.  De- 
partment of  Agriculture.) 

fourth  of  an  inch  in  length  and  is  grayish  brown,  marked  in  yellow. 
A  few  streaks  of  red  occur  on  the  thorax.  It  will  be  very  surpris- 
ing if  this  species  does  not  occasion  some  anxiety,  if  not  loss,  to 
the  owners  of  sugar  beet  fields. 
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THE  FALSE  CINCH  BUG 

(Nj/gitia  angualatu*  Uhl.) 

This  widely  distributed  bug  frequently  attacks  many  cultivated 

crops  and  weeds.     At  any  time  it  causes  more  or  less  expensive 

loss  by  its  raids  upon  cultivated  plants.    We  have  received  a  number 


/ 

Fig.  15.  Xi/Kuii  nngnntiitug :  a,  part  of  small  leaf  ot 
potato,  Hhowlng  puDctures  of  the  bug;  b,  last  stage 
of  Djinpbi  c,  adult^a,  natural  size;  b.  c,  much  ea- 
lurged  (Alter  Riley.  Division  of  Eotomotogy,  V.  8. 
Department  ot  Agriculture). 

of  complaints  of  what  was  supposed  to  be  the  true  Chinch  bug 
oi  states  to  the  east  of  us.  which  were  all  traced  to  this  bogus  chinch 
bug.  Its  odor  and  size  certainly  remind  one  of  that  destructive 
«neiny  of  grains. 
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THE  WHITE  LINBID  MOENINO  SPH  INX 
{Deitephita   lineala  Fab.J 
During  the  past  season  this  species  became  prominent  in  Mon- 
tana on  account  of  its  great  abundance.    It  feeds  naturally  on  a 
great  variety  of  wild  growing  plants.     In  the  vicinity  of  Billings  it 
was  very  abundant  and  was  reported  as  feeding  on   both  alfalfa 


Fig.  16.      Deilephilii  liiii-iila:     a,  moth;  b,  pale  larva, 

c,  dark  form  of  larva;   d,     pupa — all  natural     size 

(Chittenden,  Division  of  ESitomology,  U.  S.  Depart- 
ment of  Agriculture). 

and  sugar  beets.  Its  abtindance  in  the  stimmer  of  1905  was  unpre- 
cedented in  the  writer's  experience.  Standing  in  one  position 
thirteen  caterpillars  of  various  sizes  were  seen  on  the  weeds  in  a 
neglected  garden  spot. 
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THE  TWO   STRIPED  LOCUST 
(Melanoplug  bivittatiiH  Sfty.) 
A  number  of  species  of  p-asshoppers  were  found  in  some  fields 
of  sugar  beets  in  the  Yellowstone  valley.     Among  these  the  two- 
striped  was  the  most  abundant.       In  other  localities,  away  from 
sugar  beet  fields,  they  were  found  in  unusal  numbers.     One  orchard 


Fig.  IT.     ifeUinopla»  bivillatux,     natural  size   (after 
Rfiey). 

near  Park  City  had  been  greatly  injured.  It  is  the  habit  of  these 
grasshoppers  to  feed  from  the  young  tender  leaves  growing  from 
the  center  of  the  plant.  They  were  most  abundant  in  the  edges  of 
the  field. 


f  ■ 
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GHEMISTRY   DEPARTMENT. 

V.  K.  CHESNUT,  Chemist. 


Aside  from  the  miscellaneous  tests  and  anaylses  of  minerals, 
coal,  water,  food  stuffs  and  soils,  and  the  accompanying  correspond- 
ence which  fall  "to  the  lot  of  every  Station  chemist  and  which,  for 
proper  execution,  often  require  much,  time  and  thought,  the  work 
for  the  past  year  has  been  specifically  directed  into  several  well 
defined  channels,  which  are  briefly  outlined  herewith. 

FORMALIN 

Complaint  having  been  made  that  grain  treated  in  the  regula- 
tion way  with  Formalin  purchased  in  the  Montana  markets  was 
not  thereby  freed  from  smut,  samples  were  collected  in  various  parts 
of  the  state  for  analysis.  The  results  show  that  only  one  sample 
had  the  required  40  per  cent,  strength.  In  nearly  every  case,  how- 
ever, the  strength  was  only  i  or  2  per  cent,  below  standard,  but  in 
two  samples  the  percentage  of  formalin  in  solution  was  so  very  low 
that  treatment  of  grain  with  them  would  be  nearly  useless.  The 
number  of  samples  analyzed  was  small,  but  the  work  is  to  be  con- 
tinued next  year. 

FOOD  CONTROL 

During  the  last  session  of  the  state  legislature,  at  the  request 
of  some  of  the  prominent  grocers  and  horticulturists  of  the  state, 
and  in  co-operation  with  the  State  Veterinarian  arid  the  State 
Board  of  Health,  together  with  Dr.  A.  D.  ^IcDonald,  representing 
Flathead  county  in  the  house  of  representatives,  a  bill  was  framed 
with  the  view  to  the  regulation  of  the  sale  of  such  food-products 
in  the  state  as  were  not  alreadv  included  in  the  milk  and  meat  in- 
spection  laws.  The  bill  made  adequate  regulations  to  protect  the 
people  and  the  dealers  from  unscrupulous  wholesale  merchants  and 
manufacturers,  who,  owing  to  the   stringent   laws   in   other  states 
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and  the  absence  of  food  laws  here,  have  made  Montana  the  dumping 
ground  for  all  kinds  of  adulterated  and  low  grade  products,  preserved 
with  deleterious  substances  to  cover  up  the  bad  odors  generated 
by  incipient  decay  and  to  kill  the  foul  bacteria  which  cause  these 
odors.  This  bill  passed  both  the  house  and  the  senate,  but  was 
recalled  and  defeated  in  the  senate.  The  bill  was  framed  especially 
tu  include  adulterated  vinegar,  flour,  honey  and  such  products  as 
are  now  being  manufactured  in  the  state,  and  as  the  commercial 
success  of  these  factories  very  greatly  concern  the  agriculturist  as 
well  as  all  the  other  people  in  general,  it  was  planned  this  year  to 
make  a  chemical  investigation  of  some  of  these  food  stuffs.  A 
beginning  has  already  been  made  with  the  meats  and  vinegars 
but  sufficient  data  ha$  not  yet  accumulated  for  a  bulletin  on  the 
subject. 

VINEGARS 

Of  eighteen  samples  subjected  to  the  most  critical  examination, 
three  were  sold  for  straight  acid  vinegar,  one  for  "trragon,"  two  for 
malt,  three  for  white  wine,  and  nine  for  pure  cider  vinegar.  Of 
these  the  tarragon,  the  two  malts  and  four  samples  of  c\der  vine- 
gars would  pass  in  most  states  as  legal;  the  remainder  would  be 
counted  as  spirit,  acid  or  wood  vinegars  and  would  be  condemned  as 
illegal.  It  is  worthy  of  note  that  two  of  the  pure  cider  vinegars 
were  the  products  of  home  industry,  having  been  manufactured  in 
the  Bitter  Root  valley.  Equally  good  vinegar  is  undoubtedly  made 
in  other  parts  of  the  state  but  no  samples  could  be  obtained  in  the 
markets  where  they  were  called  for. 

It  will  thus  be  seen  that  over  50  per  cent  of  the  samples  of 
cider  vinegar  analyzed  were  adulterated  and  it  is  further  evident 
that,  if  II  is  found  that  the  high  standard  of  the  Montana  products  is 
maintained,  it  wouli  be  wise,  so  far  as  the  supply  exists,  for  the 
people  of  the  state  to  demand  home  made  vinegars  in  preference 
to  those  from  other  states,  especially  since  the  home  product  is  of 
good  flavor.  They  would  thus  be  favoring  a  manufacturing 
industry,  which,  in  time  would  be  more  than  sufficient  to  supply 
the  local  markets,  not  only  for  table  vinegar  but  also  for  pickling 
vinegar,  which  would  in  turn  develop  the  cultivation  of  cucumbers 
and  favor  a  new  pickling  industry.     Pure  cider  vinegar  at  50c.  pcf 
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gallon  would  soon  drive  out  the  inferior  substitutes  and  acid  vine- 
gars, for  which  the  same  price  is  usually  demanded  in  the  local 
markets. 

MEATS 

A  great  deal  of  study  has  recently  been  made  by  the  Bureau 
of  Chemistry  of  the  U.  S.  Department  of  Agriculture  with  regard 
to  the  effect  of  borax  upon  the  general  health  and  it  has  been  shown 
by  others  that  borax  or  boracic  acid  is  not  uncommonly  used  as  a  pre- 
servative in  sausage  and  other  sliced  or  chipped  meats  and  occas- 
ionally in  canned  meats.  Investigation  shows  that  borax  is  rather 
commonly  found  in  the  canned  meats  sold  in  the  Montana  markets. 
Sixty-three  samples  were  ptirchased  from  representative  dealers  in 
several  prirts  of  the  state  ana  examined  .chioflv.  for  brirax.  Onlv 
six  of  the  samples  were  found  to  be  free  frm  borax,  but  in  nineteen 
the  amount  present  was  less  than  one  grain  per  pound,  an  amount 
v/hich  might  possibly  have  been  introduced  unintentionally.  Seven- 
teen samples  of  meat  contained  from  one  to  three  grains  of  borax 
per  povmd,  ten  contained  three  to  six  grains,  five  about  ten  grains, 
two  about  fifteen  grains,  one  thirty-eight  grains  and  one  over  one 
hundred  grains  per  pound. 

Most  of  these  samples  were  canned  meats,  biit  a  few  were  dried 
or  in  the  form  of  sausage.  The  one'  containing  the  largest  amount 
oi  borax  being  a  finely  shredded  kind  of  cod  fish.  It  is  true  that 
a  considerable  quantity  of  this  large  amount  would  be  dissolved 
out  from  the  fish  in  the  soaking  which  it  gets  before  it  is  cooked, 
but  some  of  it  would  remain,  and  there  is  always  the  fear  either 
that  the  meat  treated  with  borax  has  united  chemically  with  the 
borax  to  produce  an  indigestible  compound  or  that,  in  the  first 
place,  before  the  borax  was  added,  the  meat  had  undergone  decom- 
position and  th?.t,  parallel  with  this  develo])nieiit,  poisonous  pto- 
maines had  been  generated. 

It  is  certainly  unnecessary  to  add  preservatives  to  untainted 
meat  or  to  meats  not  suspected  of  being  contaminated  with  con- 
tagious disease  germs.  To  the  chemist,  preservatives  are  always 
suggestive  of  slovenly  methods  of  manufacture;  to  the  pharmacol- 
logist  .preservatives,  like  borax,  are  objectionable  on  account  of 
their  physiological  effects. 
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The  Bureau  of  Chemistry  of  the  Department  of  Agriculture 
has,  by  an  elaborate  series  of  experiments,  shown  conclusively  that 
**both  boric  acid  and  borax,  when  continuously  administered  in 
small  doses  for  a  long  period,  or  when  given  in  large  quantities 
tor  a  short  period,  create  disturbances  of  appetite,  of 
digestion  and  of  health."  It  is  often  necessary  to  use  canned  meat 
for  a  considerable  period  of  time,  but,  wherever  possible,  and  especi- 
ally in  the  case  of  invalids,  fresh  meat,  a  home  product,  should  b* 
substituted.  If  that  is  impossible,  such  brands  should  be  selected 
as  fully  comply  with  some  acceptable  food  law.  For  the  good  of 
the  agriculture  it  is  certainly  to  be  hoped  that  one  or  more  pack- 
ing houses  will  soon  be  erected  in  the  state.  The  fertilizer  value  of 
the  bones,  blood  and  other  waste  products  would  thus  be  retained 
for  the  enrichment  of  the  soil. 

SUGAR  BEETS 

The  work  of  the  year  chronicles  a  rapidly  increasing  interest 
in  sugar  beet  farming.  The  Billings  sugar  factory  is  now  'well 
advanced  in  the  process  of  construction  and  factories  are  being 
considered  in  various  parts  of  the  state,  especially  in  the  Gallatin 
valley  and  the  Bitter  Root  valley. 

With  the  co-operation  of  the  office  of  Plant  Industry,  and  with 
Mr.  M.  Cordes,  of  Madison,  Wis.,  who  presented  seeds  to  this  de- 
partment, three  strains  of  beet  seed  were  distributed  throughout 
the  state.  The  government  seed  was  the  Kleinwanzlebenef  variety 
and  was  grown  at  Fairfield,  Wash.,  from  mother  beets  of  high  sugar 
content  and  purity  co-efficient.  The  seed  presented  by  Mr.  Cordes 
v/as  of  the  Aderstedt  and  ^Mangold  varieties,  both  of  which  are 
high  grades  of  seed,  imported  from  Germany.  Over  150  pounds 
was  distributed  but  only  28  samples  of  beets  grown  therefrom  were 
presented  for  analysis.  The  average  of  the  eight  samples  of 
Aderstedt  beets  gave  a  yield  of  15.8  tons  per  acre,  with  15. i  per 
cent  sugar  and  83.2  per  cent  purity.  The  average  from  the  Morri- 
son grown  Kleinswanzlebcner  seed  gave  a  yield  of  16  tons  per  acre, 
with  15.2  per  cent  sugar  and  83.1  per  cent  purity  co-efficient. 

The  richest  lot  of  sugar  beets  grown  from  these  seeds  was 
grown  by  Mr.  Isaac  Eddy,  of  Lothrop,  who  obtained,  in  a  black 
loamy  soil,  an  estimated  yield  of  22  tons  per  acre,  with     19.7    per 
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cent  sugar  and  92.4  per  cent  purity  co-efficient.  This  was  from  the 
government  seed. 

These  beets  were  all  grown  without  the  immediate  supervision 
of  skilled  men,  but  analysis  shows  that  the  beets  are  a  trifle  super- 
ior to  those  raised  under  skilled  supervision  at  Billings.  The  aver- 
age of  eighteen  samples  grown  there,  from  another  variety  of  seed, 
gave  a  yield  of  15  tons  per  acre,  with  a  sugar  content  of  14.  i  and  a 
purity  co-efficient  of  83.1  per  cent. 

The  government  seed  will  be  tested  again  next  year  in  com- 
parison with  several  high  grade  seeds. 

POISONOUS    PLANTS 

In  co-operation  with  the  Bureau  of  Plant  Industry  of  the  U. 
S.  Department  of  Agriculture,  the  permanganate  antidote  tablets 
given  out  gratuitously  by  the  department  were  distributed  to  var- 
ious persons  throughout  the  state.  These  are  intended  primarily 
to  save  animals,  especially  sheep,  poisoned  by  larkspur  or  death 
camas.  Excellent  results  are  reported  by  stockmen  who  have  re- 
cently used  the  tablets.  The  antidote  is  cheap,  is  easily  adminis- 
tered, is  good  in  cases  of  poisoning  from  several  varieties  of  plants, 
and  since  it  is  a  good  antidote  for  some  cases  of  poisoning  in  man, 
it  should  be  found  on  the  medicine  shelf  of  every  household. 

LOCOED  SHEEP 

The  experiment  begun  last  year  of  treating  thirty  **locoed" 
sheep  with  vermifuges  and  trying  to  fatten  them  for  the  market 
was  concluded  this  year  with  very  gratifying  results.  This  work 
was  undertaken  with  the  co-operation  of  the  Bureau  of  Plant  In- 
dustry U.  S.  Department  of  Agriculture  and  the  results  will  be  pub- 
lished by  the  U.  S.  Department  of  Agriculture,  as  well  as  by  this 
Station.  A  general  outline  of  the  results  has  already  been  published 
by  Director  Linfield  in  Bulletin  No.  59  of  this  Station. 
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METOROLOGICAL  DIVISION. 

EDMUND  BURKE.  MeterologUt. 


This  Station  is  located  in  about  latitude  45  degrees,  40  minutes, 
51  seconds  and  longitude  iii  degrees,  2  minutes,  36  seconds,  at  an 
elevation  of  4900  feet,  and  is  now  equipped  with  the  followinjy  appar- 
tus:  A  maximum  and  minimum  thermometer,  a  recording  ther- 
mometer, a  wet  and  dry  bulb  thermometer,  four  soil  thermometers, 
5  feet;  3  feet  i  foot  and  3inches  respectively;  a  quadruple  register, 
together  with  wind  vane,  anemometer,  rain  gauge  and  electric  sun- 
shine recorder,  a  barograph  and  a  mercurial  barometer. 

The  instrument  shelter  for  thermometers  is  placed  ten  feet 
above  the  ground,  in  an  open  field  containing  clover  and  alfalfa, 
and  near  by  is  a  rain  gauge  to  check  the  one  attached  to  the  quad- 
ruple register.  The  wind  vane  and  anemometer  are  on  the  south 
tower  of  the  chemical  and  physical  building,  58  feet,  above  the 
ground.  The  rain  gauge  and  electric  sunshine  recorder  are  on  the 
roof  and  the  quadruple  register,  barograph  and  mericural  barometer 
are  in  the  north  tower  of  the  same  building.  The  top  of  the  cistern 
of  the  barometer,  is  38  feet  above  the  ground  and  4936  feet  above 
sea  level. 

Until  last  May,  the  quadruple  register  records  had  not  been 
transcribed,  but  since  that  time  all  data  are  recorded  daily,  and  by 
the  aid  of  the  recording  thermometer  and  quadruple  register  ihc 
day  is  calculated  from  midnight  to  midnight  (mountain  time,)  in- 
stead of  from  six  p.  m.  to  six  p.  m.  as  is  usually  done. 

In  this  report  only  a  summary  of  temperature,  precipitation, 
jcharacter  of  day  and  the  prevailing  wind  direction  will  be  g^ven. 

SUMMARY    FOR    1904-1905. 

Highest  temperature,  91,  August  24,  1905. 
Lowest  temperature,  -33,  February  11,  1905. 
Greatest  range  for  the  year,  124. 
Highest  monthly  mean,  64.29,  August,  1905. 
Lowest  monthly  mean,  16.8,  February,  1905. 
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Highest  daily  mean,  75,  August  24,  1905. 
Lowest  daily  mean,  -24.5,  February  11,  1905. 
Mean  temperature  for  the  year,  41. 65. 

Greatest  total  precipitation  for  one  month,  3.23,  May,  1905. 
Least  total  precipitation  for  one  month,  .23,  January,  1905. 
Total  rainfall,  15.36  inches. 
Total  snowfall,  49.2  inches. 
First  killing  frost,  September  18,  1905. 
Last  killing  frpst,  May  12,  1905, 
No.  of  clear  days  in  the  year,  96. 
.No.  of  cloudy  days  in  the  year,  39. 
No.  of  partly  cloudy  days  in  the  year,  230. 
Days  with  .01  inch  or  more  of  precipitation,  88. 

SUMMARY   BY    MONTHS   FOR  1904-1905 
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HORTICULTURAL  DEPARTMENT. 

R.  W.  FISHER,   Horticulturist 


The  work  in  this  department  has  been  along  much  the  same 
lines  as  in  previous  years.  Varieties  of  vegetables,  small  fruits, 
tree  fruits  and  ornamental  trees  and  shrubs  have  been  tested  to 
determine  their  adaptability  to  Montana  conditions,  together  with 
cultural  and  variety  tests  of  both  fruits  and  vegetables. 

THINNING   FRUIT 

In  July,  1905,  fruit  was  thinned  from  several  commercial  var- 
ieties of  apples  in  the  Bitter  Root  valley,  in  the  orchards  of  Bass 
Brothers,  near  Stevensville,  and  in  the  orchard  of  Mr.  Samuel  Dins- 
more,  near  Florence. 

On  account  of  insufficient  water  to  properly  irrigate  these 
orchards  late  in  the  fall  much  of  the  fruit  fell  from  the  trees  before 
it  was  properly  matured,  thus  making  it  impossible  to  determine 
accurately  the  relative  yields  of  commercial  apples  from  thinned 
and  unthinned  trees. 

Determinations  were  made  of  the  cost  of  thinning  the  fruit, 
?.nd  it  was  intended  to  measure  the  fruit  in  the  fall  from  trees  from 
\xhich  the  fruit  was  thinned  and  the  check  trees  left  unthinned  in 
order  to  determine  the  profits,  if  any,  that  could  be  gained  by 
tl'inning  the  fruit  early  in  the  year.  At  the  time  the  fruit  was 
thinned  the  apples  were  about  ^4  of  an  in.ch  in  diameter  and  all 
probability  of  natural  thinning  by  frosts  or  other  causes  was  passed. 
The  trees  ranged  in  age  from  8  to  15  years  old,  and  with  most  var- 
ieties there  was  a  very  full  crop ;  many  trees  producing  more  apples 
than  the  limbs  could  support  when  the  fruit  matured.  In  the 
orchard  of  Bass  Brothers  two  varieties  were  thinned,  the  Duchess 
and  Wealthy. 

An  average  of  918  apples  were  thinned  from  each  tree,  or 
about  3-8  of  the  crop.     The  resulting  crop  at  maturity  indicated 
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that  even  a  heavier  thinning  than  this  would  have  g^ven  better 
results,  as  the  trees  were  overloaded  when  the  apples  were  ready 
to  harvest. 

In  this  orchard  it  took,  on  an  average,  15  minutes  to  thin  the 
fruit  from  one  Duchess  tree.  These  trees  were  headed  low,  with 
the  apples  a  little  larger  than  the  Wealthies.  At  this  rate  it  would 
take  about  3.4  days  for  one  man  to  thin  the  fruit  from  trees  on  one 
acre,  or  approximately  $7.00  per  acre.  It  took  22  minutes  to  thin 
the  fruit  on  each  Wealthy  tree.  The  trees  were  larger,  with  a  heav- 
ier crop  and  smaller  apples,  thus  explaining  the  reason  for  more  time 
than  was  spent  thinning  the  Duchess.  At  this  rate  with  trees  18x18 
feet  apart  or  137  trees  per  acre  it  would  take  4.8  days  to  thin  the 
fruit  on  one  acre  of  trees  or  $9.60  per  acre. 

The  trees  in  this  orchard  were  closer  together  than  is  best, 
and  if  there  were  only  100  trees  or  less  per  acre  less  time  would  be 
necessary  in  thinning,  and  better  results  could  be  obtained. 

Because  of  a  shortage  in  irrigation  water  for  the  last  irrigation, 
which  caused  many  apples  to  fall  from  the  trees  before  time*  to 
harvest  them,  together  with  a  very  heavy  windstorm  during  the 
summer,  which  blew  many  unripe  apples  from  the  trees,  both 
thinned  and  unthinned,  it  was  impossible  to  get  accurate  and  abso- 
lute data  in  regard  to  comparative  values  of  fruit  from  the  thinned 
and  unthinned  trees,  as  was  planned  at  the  beginning  of  the  ex- 
periment. 

The  following  letter  from  Mr.  D.  C.  Bass,  one  of  the  oldest 
and  most  progressive  fruit  growers  in  the  Bitter  Root  valley,  in- 
dicates, however,  the  importance  from  a  commercial  standpoint  of 
tl.  inning: 

Stevensville,  Montana,  Jan.  6,  1906. 

Mr.  R.  W.  Fisher,  Bozeman,  Montana, 

Dear  Sir:  The  experiment  conducted  by  you  was  not  a  fair 
test,  owing  to  the  scarcity  of  water  and  a  severe  windstorm  that 
blew  nearly  all  the  Duchess  off. 

The  thinning  of  the  Wealthy  apples  increased  the  size  of  the 
remaining  apples  to  at  least  1-3.        *         *         *        ^j:        *        *       « 

Yours  truly, 
(Copy.)  D.  C.  Bass. 
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The  successful  fruit  growers  in  Idaho,  Washington  and  Oregon 
attribute  their  success  largely  to  the  methods  of  handling  their 
crops — and  thinning  the  fruit  is  not  the  least  important  of  these 
operations. 

In  Montana  there  is  a  tendency  for  all  apple  trees  to  overbear, 
thus  not  only  devitalizing  the  tree  but  resulting  in  a  large  crop  of 
apples  of  inferior  size,  which  are  not  marketable  at  profitable  prices 
to  the  fruit  growers.  The  results  obtained  in  the  orchard  of  Mr. 
Eass,  while  not  absolutely  definite  for  reasons  above  stated,  in- 
dicate that  thorough  thinning  will  result  in  producing  a  much 
larger  yield  of  marketable  apples. 

The  results  obtained  in  the  orchard  of  Mr.  Samuel  Dinsmore, 
near  Florence,  superintended  by  Mrs.  Steve  Prayer,  were  quite 
similar  to  those  in  Bass  Bros.'  orchard.  The  results  obtained  in 
this  orchard  were  as  follows: 

It  took  9  minutes  to  thin  the  fruit  on  each  Mcintosh  tree, 
or  at  the  rate  of  one  acre  in  two  days  when  trees  are  planted  i8xi8 
feet  apart.  Not  all  the  trees  of  this  variety  were  bearing  a  full 
crop,  and  none  of  them  seemed  to  be  overloaded  and  in  need  of 
thinning  at  the  time  we  thinned,  early  in  July.  However,  in  the 
fall,  when  the  fruit  was  mature,  those  trees  that  had  been  thinned 
heaviest  bore  the  best  crop — and  the  trees  that  apparently  had 
but  a  few  apples  on  in  the  spring  bore  a  very  full  crop.  There 
is  danger  in  not  thinning  enough. 

The  Alexander  trees  were  well  loaded  and  it  took  14  minutes 
to  thin  each  tree,  or  at  the  rate  of  about  42  trees  a  day. 

When  I  visited  this  orchard  in  September,  at  the  time  when 
the  fruit  was  being  harvested,  I  could  see  an  appreciable  gain  in 
size  and  uniformity  of  fruit  on  trees  that  had  been  thinned.  Be- 
cause of  the  naturally  large  size  of  this  variety,  it  may  not  demand 
a?  much  thinning  as  smaller  varieties,  unless  it  be  to  protect  the 
trees  from  breaking  down  under  the  heavy  load  of  a  full  crop  of 
Alexander  apples.  The  Northern  Spy  and  Wolf  River  showed  but 
little  if  any  difference  as  a  result  of  thinning,  due  to  the  uneven- 
ness  of  the  crop  and  conditions,  before  mentioned,  which  caused 
the  fruits  to  fall  badly  before  mature. 

While  the  results  of  thinning  were  not  as  apparent  in  this 
orchard  as  in  the  orchard  of  Mr.  Bass,  yet  from  my  own  observations 
and  that  of  Mr.  Prayer,  whose  letter  is  given  here,  the  thinning  had 
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a  ven*  beneficial  effect  upon  the  size  and  uniformity  of  the  apples: 

Stevensville,  Montana. 
Mr.  R.  W.  Fisher, 

Dear  Sir:  In  regard  to  the  apples,  it  is  a  hard  proposition  to 
tell  much  about  .them  accurately,  as  we  had  a  windstorm  that  blew 
off  many,  but  I  am  sure  that  there  would  have  been  quite  a  differ- 
ence if  we  could  have  given  them  a  square  deal.  I  think  that 
there  would  have  been  a  gain  of  at  least  1-3  in  yield  in  favor  of 
thinning,  and,  besides,  thinning  is  a  great  help  to  the  tree. 

Yours  truly,  Steve  Prayer. 

It  is  thus  seen,  that  while  the  experiments  in  these  orchards 
did  not  show  definite  results,  yet  the  indications  are  that  thinning 
the  fruit  on  heavily  loaded  trees  will  result  in  a  very  material  in- 
crease in  marketable  fruits. 

The  work  of  thinning  will  be  continued  another  year,  when 
we  hope  to  get  more  accurate  results. 


285  -  MONTANA  EXPERIMENT  STATION 


DAIRY    DEPARTMENT. 

W.  J.  ELLIOTT,  Dairyman. 


Since  the  last  report,  the  dairy  industry  of  the  state  has  devel- 
oped at  a  remarkably  rapid  pace.  Where  two  years  ago  there  were 
some  two  or  three  creameries  in  the  state,  the  spring  of  1906  opens 
up  with  some  25  creameries  ready  for  business.  This  is  a  very  cred- 
itable showing,  yet,  when  we  consider  that  our  home  consumptioa 
of  butter  would  keep  some  100  creameries  running  all  year  round, 
we  see  that  there  is  still  room  for  considerable  development. 
That  many  other  localities  are  thinking  of  building  is  evidenced  by 
the  fact  that  calls  are  coming  in  constantly  to  the  dairy  department 
for  talks  on  the  organization  and  building  of  creameries. 

With  the  new  creameries  that  are  starting,  many  are  asking 
us  to  hold  dairy  meetings  to  help  to  get  more  of  the  farmers  inter- 
ested, and  we  feel  that  this  direction  is  needed  to  help  and  «iain- 
tain  an  industry  that  promises  to  fill  a  prominent  place  agriculturjil- 
ly  in  the  state. 

The  bulletin  which  was  gotten  out  last  year  has  been  distri- 
buted over  the  state  and  calls  still  continue  to  ^  come  in  for  it,  so 
that  we  feel  that  it  is  fulfilling  its  mission. 

In  the  last  year's  report  mention  was  made  of  the  fact  that  a 
herd  had  been  purchased  with  a  view  to  seeing  just  how  much  an 
ordinary  herd  of  Montana  cows  would  pay  in  the  dairy  business. 
At  that  time  we  had  not  had  the  herd  for  a  complete  year,  so  that 
a  definite  statement  could  not  be  made.  At  this  time,  however, 
we  are  able  to  give  a  complete  yearly  record,  and  have  been  grati- 
fied at  the  returns,  which  have  proven  clearly  that  there  is  money 
in  the  dairy  business  in  Montana  if  it  is  properly  managed. 

We  here  submit  a  complete  table  of  the  total  receipts  frow 
each  of  the  cows.  It  must  be  borne  in  mind  that  these  figures  do 
not  consider  the  value  of  the  calf  nor  the  manure.  We  have  al- 
lowed these  two  items  to  off-set  the  care  and  labor  account,  so  that 
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the  difference  between  the  two  tables  will  give  us  the  net  profit 
from  each  animal.  Table  No.  i  gives  the  total  income  from  each 
cow  in  the  herd: — 


TABLE  I.     Milk  and  Butter  Yield  and  Casli    Returns    From    Each    Cow. 
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66.70 

365.7 

91.40 

$  8.70 
9.90 
9.45 
8.55 
7.50 
9.00  I 
8.55 
7.50 
10.80 
7.20 
9.60 
6.90 
8.20 
8.40 

12.45 


$  81.70 
104.50 
86.25 
82.45 
79.70 
84.05 
75.25 
76.20 
94.90 
69 .  30 
81.40 
57.40 
72.20 
75.10 
103.85 


Average   |291.6|  78. 6|5992.4|249. 751291. 43|$72. 8361$  8.8461    $81,616 
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TABLE  NO.  2.    The  Amount  and  Cost  of  the  Feed  For  Each  Cow. 


Cows 


Sallie   

Buttercup  . 

Veda 

Spike  

Dell    

Stub 

Colia  .... 

Cherry  

Blackie    . . . 
Blue  Beard 

Pied   

Jennie   

May    

Honey    

Mollie    . . . . 


a    i 


'a 

«M  d 
qS 

OQPQ 

a 
o 

IS 


s 


6» 


7 

9.00 

7    . 

9.00 

7 

10.20 

7 

9.00 

7 

9.00 

7 

9.00 

7 

9.00 

7 

9.60 

7 

9.60 

7 

9.00 

7 

9.00 

7 

9.00 

7 

8.70 

7 

9.00 

7 

10.50 

o 
H 

Pi 

O 

o 
i6 


< 

115.751 
15.751 
17.85! 
15.85 
15.75; 
15.751 
15.751 
16.80 
16.80 
15.75 
15.75 
15.75 
15.22 
15.75 
18.60 


0 

o 

u 

p. 


a 
O 

no 

150 
180 
180 
150 
180 
150 
180 
180 
150 
180 
135 
180 
150 
210 


• 

'O 

9 

•*-» 

u 

to 

o 

00 

o, 

Pi 

■o 

o 

CQ 

tH 

5 

*♦ 

c 

■4-» 

f 

Average    |     7     |     9.24|$16.19|     167 


1$ fO .50 
10.50 
12.60 
12.60 

9.00 
12.60 

9.00 
12.60 
12.60 

9.00 
12.60 

9.45 
12.60 

9.00 
14^70  I 

|ii.29"| 


5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 


u 

®  s 


$5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 


CD  a 
o  9 


o 


$31.25 
31.25 
35.45 
33.45 
29.75 
33.35 
29.75 
34.40 
34.40 
29.75 
33. 35 
30.20 
32.85 
29.75 
37.80 


5     I  15.00  I      132.45 


In  order  that  we  may  see  the  comparative  value  and  profit 
from  each  animal  more  clearly,  we  will  give  a  table  giving  only  the 
exact  cost  of  feed  per  animal,  the  total  value  of  the  product  sold 
and  the  net  gain  from  each. 


Table  No.  III.    The  Value  of  the  Product  and  the  net  Profit  on  the  Feed  for 

Each  Cow. 


OQ 

P« 

P- 

—^ 

o 

o 

0) 

Name 

OS 

o      1     ^ 

d 

1 

•4-) 

-«-> 

OQ 

o 

O 

$  81.70 

$31.25 

Sallie 

$50.45 

Buttercup 

104.50 

31.25 

73.25 

Veda 

86.25 

35.45 

50.80 

Spike 

82.45 

33.45 

49.00 

iJ"ll            .•>...              .... 

79.70 

29.75 

49.95 

Stub 

84.05 

33.35 

50.70 

Celia 

75.25 

29.75 

45.50 

Cherry 

76.20 

34.40 

41.80 

Name 


Blackie    . , 
Bluebeard 

Pied   

Jennie    . . . 

May    

Honey    . . . 
Mollie  ... 

Average 


02 

t^ 

Pi 

0, 

9 

M-4 

£ 

d 

(S 

O 

,^ 

** 

« 

m 

8 

$  94.90    $34.40 


69.30 
81.40 
57.40 
72.70 
75.10 
103 . S6 


$60.50 
29.75  39.55 
33.351  48.05 


30.20 
32.85 
29.75 
37.80 


27.20 
39.85 
45.36 
66.05 


$  81.983|$32.45|$49.20 

These  tables  present  a  number  of  very  interesting  facts,  and 
one  of  them  is  that  it  is  necessary  to  very  carefully  study  the  cows 
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that  we  have  in  the  herd,  and  especially  those  that  we  purchase. 
We  should  never  allow  a  cow  to  occupy  a  stall  in  a  stable  if  we 
can  get  a  cow  that  will  produce  more,  for  the  same  cost  of  keep. 
The  first  two  cows  listed  in  table  No.  3  show  a  very  great  differ- 
ence. It  cost  exactly  the  same  to  keep  each  of  them,  while  one 
produced  $22.80  more  than  the  other  in  clear  gain. 

The  amount  that  an  animal  eats  must  also  be  considered.  Take, 
for  instance,  the  two  cows,  Buttercup  and  Mollie.  The  one  pro- 
duces within  65c.  of  the  other,  but  it  costs  $6.55  more  to  keep  one 
than  it  does  to  keep  the  other,  thus  making  a  difference  of  $7.20 
in  their  net  income. 

Again,  we  should  not  only  watch  that  wp  do  not  keep  any  un- 
profitable cows  in  the  herd,  but  it  will  pay  to  watch  the  total  pro- 
duction and  the  cost  of  keep.  We  should  use  the  scales  very  fre- 
quently  in  the  herd  for  both  feed  and  milk.  Again,  if  we  will  refer 
to  table  No.  i,  we  will  see  that  there  is  a  great  difference  in  the 
length  of  time  that  the  various  cows  in  a  herd  are  dry.  The  num- 
ber of  days  range  from  137  to  24  days.  If  this  particular  time  were 
more  carefully  watched  it  would  make  a  vast  difference  in  our  cows 
as  profit  makers. 

At  present  an  experiment  is  under  way  with  the  dairy  herd, 
to  ascertain  the  best  ration  of  grain  to  feed  dairy  stock.  As  this 
experiment  is  not  yet  completed  a  report  will  be  given  later. 
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AGRONOMY  DEPARTMENT 

ALFRED  ATKINSON.  Agronomist 


During  the  past  year  considerable  of  the  effort  of  this  depart- 
ment was  directed  toward  getting  the  work  organized  and  a  sys- 
tem of  plots  established.  Twenty-one  acro.^,  of  tlie  most  uniform 
lanri  on  the  Experiment  Station  farm  was  laid  oii  into  upwards  of 
four  hundred  plots,  varying  in  size  from  one-fortieth  to  one- 
twentieth  acre  each.  A  system  of  carefully  constructed  permanent 
roads  was  installed  so  that  the  future  work  may  now  be  pursued 
most  expeditiously. 

Several  lines  of  work  were  started  and  will  be  followed  by  this 
department  until  safe  conclusions  are  reached.  The  one  claiming 
a  large  share  of  the  attention  is  the  variety  test  work  designed  to 
bring  about  the  introduction  into  Montana  of  the  very  best  strains 
of  the  different  cereals,  clovers,  grasses,  roots  and  tubers.  Vari- 
ties  of  these  crops  are  procured  from  all  parts  of  the  American  and 
European  countries  and  tested  for  a  number  of  years  under  like 
conditions.  After  a  sufficient  number  of  tests  to  enable  the  verv 
best  to  be  chosen,  the  amount  of  these  grains  will  be  increased  and 
distributed  to  growers  over  the  state.  They  will  also  be  used  as 
the  basis  for  further  improvement  by  the  methods  of  breeding  and 
selection.  Montana's  climatic  and  soil  conditions  are  very  favor- 
able for  the  cfrowth  of  the  cereals  and  there  is  no  reason  why  many 
other  states  may  not  be  attracted  to  us  for  their  seed  grain  supply. 

A  series  of  fertility  and  rotation  tests  were  begun  with  the 
idea  of  determining  the  very  best  crop  systems,  as  well  as  accumu- 
lating local  results  that  will  point  out  to  Montana  farmers  the  wis- 
dom of  such  methods.  Some  of  the  rotation  being  tested  on  two 
years*  grain  and  two  years'  clover;  two  years'  grain  and  two  years' 
summerf allow ;  two  years'  grain,  one  years'  inter-tilled  crop  and 
two  years'  leguminous  crops,  and  a  few  others  along  similar  lines. 

In  co-operation  with  the  irrigation  and  chemical  departments. 
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this  department  is  carrying  on  a  series  of  irrigation  investigations. 
Ihe  object  of  this  work  is  to  determine  the  effect  of  varying  quan- 
tities of  water  on  the  field  and  quality  of  the  different  crops.  The 
crops  included  in  the  test  on  oats,  wheat,  sugar  beets,  clover  and 
alfalfa.  There  are  seven  plots  in  the  case  of  each  crop  and  the 
amounts  of  water  added  are  36  inches,  30  inches,  24  inches,  18  inches, 
12  inches,  6  inches  and  no  water.  While  the  work  has  not  been  pur- 
sued far  enough  to  point  to  definite  conclusions,  yet  the  observations 
as  to  the  effect  on  ripening,  quality,  etc.,  are  very  interesting. 

Several  lines  of  investigation  with  alfalfa  were  commenced. 
Fourteen  different  varieties,  procured  from  various  parts  of  this  as 
well  as  other  countries,  were  sown  in  plots  under  identical  con- 
ditions, and  their  value  of  hay  and  seed  production  will  be  deter- 
mined. 

Two  series,  of  nine  plots  each,  were  planted  to  find  out  if  pos- 
sible the  best  and  most  economical  quantity  of  alfalfa  seed  to  sow. 
Quantities  ranging  from  four  pounds  up  to  thirty-six  pounds  per 
acre  were  sown  and  their  values  will  be  investigated  for  the  pur- 
pose of  seed  and  hay  returns. 

The  question  as  to  whether  it  is  best  to  plant  alfalfa  with  or 
without  a  nurse  crop  is  one  on  which  wide  difference  of  opinion  ex- 
ists. In  order  to  throw  light  pn  the  subject,  an  experiment  along 
this  line  was  started  and  will  be  followed  until  safe  conclusions 
are  reached. 

Outside  of  the  area  used  for  plot  tests  and  pasture,  7625  acres 
of  the  Experiment  Station  farm  were  devoted  to  crop  growing  this 
year.  This  was  divided  as  follows:  In  oats,  33.76  acres,  with  an 
average  return  of  94.7  bushels  per  acre;  in  field  peas,  6.8  acres, 
with  an  average  return  of  42.2  bushels  per  acre;  in  hulless  barley, 
3.7  acres,  with  an  average  return  of  51.8  bushels  per  acre;  in  spring 
wheat  6.32  acres,  with  an  average  return  of  43  bushels  per  acre; 
in  barley,  ^.6y  acres,  with  an  average  return  of  52  bushels  per 
acre,  and  in  hay,  20  acres,  with  an  average  return  of  3.85  tons  per 
acre. 

•  It  is  the  intention  to  conduct  the  farm  crops  under  a  four  year 
rotation  system,  two  years  in  grain  and  two  years  in  clover.  On 
account  of  winter  killing  of  clover  this  was  interferred  with  the 
past  season,  but  will  be  returned  to  as  soon  as  possible. 
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THE   VALUE   OF  A    PEA   CROP   A8  FERTILIZER. 

A  very  forceful  illustration  of  the  value  of  peas  as  a  soil  im- 
jprover  was  brought  out  in  tKe  area  devoted  to  barley  during  the 
past  season.  A  portion  of  the  crop,  2.72  acres,  was  grown  on 
land  that  had  produced  spring  wheat  the  previous  year  and  this  had 
followed  a  barley  crop.  The  yield  from  this  land  which  had  been 
cropped  the  two  previous  years  to  cereal  grain  was  35  bushels  per 
acre.  The  remaining  2.95  acres  had  produced  peas  the  year  pre- 
vious and  on  this  land  the  yield  of  barley  was  67.7  bushels  per 
acre.  This  very  marked  increase  in  the  yield  was  due  wholly  to 
the  good  effects  of  the  pea  crop,  and  points  out  the  great  value  of 
including  peas  or  some  nitrogen  gathering  crop  in  the  rotation. 
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IRklQATION    DEPARTMENT, 

E.  TAPPAN  TANNATT,  Irrigation  Engineer. 


As  it  is  necessary  to  make  an  annual  statement  of  the  work 
and  condition  of  the  Irrigation  department  of  the  Experiment 
Station,  I  am  pleased  to  report  as  follows: 

Having  taken  charge  of  this  department  in  September  last,  a 
very  large  part  of  the  time  available  has  been  spent  in  the  examin- 
ation of  the  work  and  records  of  the  office  and  properly  recording 
and  indexing  the  same. 

Even  in  the  very  limited  time  I  have  been  engaged  in  the 
-work,  I  have  become  convinced  that  the  Irrigation  department  has 
in  this  state  a  most  excellent  field  open  to  it  in  which  to  conduct 
investigations  of  value  and  interest  to  the  state  and  to  the  United 
States. 

After  familiarizing  myself  with  the  records  of  the  office,  I  have 
given  some  little  time  investigating  the  existing  conditions  with  a 
view  of  conducting  investigations  in  sections  most  needing  the  same, 
and  from  whence  the  best  results  can  be  secured.  I  find  that  this 
department  is  unfortunately  almost  entirely  without  the  instru- 
ments necessary  to  conduct  investigations,  scarcely  having  a  single 
equipment  for  either  land  or  water  measurements.  During  the 
past,  through  co-6perative  work  with  the  departments  in  Washing- 
ton, a  number  of  instruments  have  been  loaned  the  Station  for  con- 
ductive investigations,  with  the  result  that  most  of  the  data  thus 
secured  has  been  given  to  the  Washington  offices  with  but  little  re- 
turn to  this  department.  As  the  Washington  authorities  are  now 
making  investigations  in  other  sections,  it  leaves  the  depatrment  al- 
most entirely  without  the  instruments  necessary  to  properly  carry 
on  its  work. 

The  Irrigation  department  of  this  station  can  be,  and  should 
be  one  of  the  most  useful,  if  not  the  most  useful  department  of  the 
Station  to  the  farmers  and  citizens  of  this  state,  and  I  would  earn* 
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estly  urge  that  the  legislature  be  requested  to  assist  in  properly 
providing  the  equipment  necessary  to  conduct  the  investigations 
which  are  so  much  needed  in  this  state.  I  find  that  there  are  some 
very  serious  drainage  questions  in  several  parts  of  the  state,  also 
seepage,  and  thousands  upon  thousands  of  dollars  can  be  saved  to 
the  people  of  this  state  if  investigations  afe  conducted  in  the  sev- 
eral localities  which  will  lead  to  an  economical  method  of  over- 
coming the  difficulty. 

In  the  matter  of  drainage,  the  investigations  carried  on  near 
Billings  have  been  conducted  up  to  the  present  time,  or  until  frost 
forced  their  discontinuance.  These  investigations,  owing  to  the 
l?ck  of  necessary  instruments  and  funds,  have  not  been  as  satis- 
factory as  they  should  have  been ;  at  the  same  time  some  very  val- 
uable data  has  been  secured.  It  is  expected  to  continue  these  inves- 
tigations, modifying  the  work  somewhat,  with  the  hope  of  secur- 
ing more  accurate  and  satisfactory  results. 

Considerable  work  has  been  done  in  the  neighborhood  of  Dillon, 
t'  secure  the  duty  of  water  in  that  section.  As  the  crop  returns 
have  not  as  yet  come  in  from  this  section,  I  am  not  able  to  advise 
you  as  to  the  value  of  the  work  thus-  accomplished. 

The  Civil  Engineering  department  of  the  College,  having 
added  a  course  in  highway  construction,  and  commenced  investi- 
gations with  a  view  of  the  betterment  of  public  roads  in  the  state, 
and  as  we  now  have  every  assurance  of  the  active  co-operation  of 
the  office  of  Public  Roads  of  the  national  government  in  this  mat- 
ter, it  is  earnestly  requested  that  in  the  allotment  of  the  appropri- 
ation for  the  ensuing  year,  that  the  Station  set  aside  and  place  in 
the  hands  of  this  department  a  reasonable  sum  of  money  with 
which  it  may  assist  in  these  investigations,  and  accomplish  work 
along  these  lines.  I  believe  that  much  good  can  be  done  in  assist- 
ing the  officers  of  the  counties  and  state  in  improvement  of  their 
wagon  roads  along  recognized  scientific  and  modern  lines.  These 
investigations  are  eminently  a  part  of  the  Station's  field.  I  know 
of  no  item  more  important  to  the  wealth  and  convenience  of  the 
state,  than  good  public  roads,  and  the  proper  expenditure  of  the 
road  funds.  This  department  has  in  the  course  of  preparation  a 
bulletin,  designed  especially  for  the  use  of  the  road  supervisors  and 
farmers  of  this  state,  who  are  interested  in  the  betterment  of  public 
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wagon  roads.     With  virtually  no  funds  available  for  this  work,  it 
makes  it  very  difficult  to  produce  results  which  are  satisfactory* 

I  would  further  call  your  attention  to  the  following:  The 
Civil  Engineering  department  of  the  College  and  the  Irrigation 
department  of  the  Station  are,  as  you  are  aware,  in  charge  of  one 
man,  without  assistance.  In  order  that  the  Engineering  department 
may  be  built  up  to  a  standing  commensurate  with  its  importance 
to  the  state  of  Montana,  it  will  require  the  untiring  and  almost  con- 
stant effort  of  the  head  of  this  department. .  In  order  that  the  best 
results  may  be  obtained  for  the  Irrigation  department,  it  is  neces- 
sary that  it  be  under  competent  engineering  supervision  and  that 
they  personally  inspect  and  even  conduct  the  experiments.  It  is  very 
necessary  that  the  records  taken  are  accurate  and  correctly  reported 
to  the  office,  and  that  they  are  carefully  compiled  and  recorded;  in 
order  to  secure  the  same  it  is  often  necessary  for  the  irrigation  en- 
gineer to  personally  inspect,  or  even  take  the  records  himself.  Ow^ 
ing  to  lack  of  funds,  it  has  often  been  necessary  in  the  past  tc^ 
depend  upon  inexperienced  persons  to  take  records  for  the  depart- 
ment and  to  report  same.  This  method  is  bound  to  prove  unsatis- 
factory and  possibly  misleading.  Many  of  the  records  taken  dur- 
ing the  past  year  have  been  found  to  be  incomplete,  or  inaccurately 
reported,  with  the  result  that  they  are  of  very  little  value.  It  is 
the  intention  of  the  department  to  avoid  as  much  as  possible  in  the 
future,  the  employment  of  this  class  of  assistance,  believing  it  better 
to  conduct  less  experimental  work  and  have  sahie  as  nearly  perfect 
as  possible,  than  to  scatter  the  work  over  a  larger  field  with  un- 
certain results. 

Yon  will  at  once  recognize  that  for  the  head  of  the  department 
to  properly  carry  on  such  work  it  is  necessary,  under  the  present 
conditions,  for  him  to  leave  his  classes  without  a  teacher  for  more 
or  less  extended  periods  of  time.  This  is  not  only  unsatisfactory 
tu  the  head  of  the  department  in  engineering,  but  has  a  d'eci(tedly 
injurious  effect  upon  the  work  of  both  departments.  I  am  free,  iheie- 
fore,  to  advise  you,  that  imder  the  present  arrangement,  I  consider 
it  alDSolutely  impossible  for  one  man  to  make  a  success  of  both  of 
the  al)Ove  mentioned  departments;  either  one  or  both  must  suffer. 
1,  however^  believe  that  the  work  of  the  two  departments  can  best 
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be  conducted  under  the  one  head,  as  much  of  the  civil  engineering 

and  irrigation  work  is  one  and  the  same  and  can  be  carried  on  ai 

less  expense  to  both  departments  where  thus  combined.     I  would 

therefore  recommend  that  the  Station  and  the  College  furnish  the 
department  with  an  assistant,  whose  duties  shall  be,  to  assist  both 
the  civil  and  irrigation  departments  as  occasion  demands.  Such  a 
inan  need  not  be  an  experienced  person,  but  should  be  a  civil  en- 
gineer. I  would  recommend  the  appointment  of  some  young  grad- 
uate engineer,  who  desirps  to  specialize  in  irrigation  work. 

Since  taking  office,  a  considerable  quantity  of  correspondence 
has  been  carried  on,  both  with  a  view  of  seeking  information 
klong  contemplated  lines  of  work  and  in  answer  to  inquiry.  ft 
seems  that  the  impression  has  become  somewhat  general  that  the 
Irrigation  department  is  for  the  purpose  of  answering  technical 
questions  raised  by  citizens  of  the  state,  along  engineering  lines. 
During  the  past  month  the  department  has  received  numerous  in- 
quiries requesting  the  calculation  of  special  problems;  in  many  of 
these  cases  the  information  furnished  has  been  insufficient  to  make 
'satisfactory  reply.  Although  we  have  calculated  and  returned  a 
large  number  of  such  since  September  ist,  we  believe  that,  except 
in  special  cases,  such  line  of  inquiry  should  not  be  encouraged,  for 
three  reasons :  ist,  This  office  is  not  supplied  with  sufficient  assist- 
ance to  carry  on  this  class  of  extensive  correspondence;  2nd,  That 
such  calculations  are  generally  unsatisfactory  to  both  parties,  ow- 
ing to  the  lack  of  complete  information  concerning  the  conditions 
at  the  point  of  application,  and  the  risk  that  through  partial  in- 
furmalio^l  a  wrong  impression  may  be  obtained  and  an  incorrect 
answer  returned;  3rd,  That  such  work,  by  all  rights,  belongs  to  the 
youfig  engineers  graduating  from  this  and  other  colleges 
\vho  iirc  ^lualitied  to  inspect  and  report  on  the  same,  and  who 
most  depend  upon  just  such  work  to  obtain  return  for  their  time 
and  money  expended  in  securing  their  educations.  I  believe  that 
the  work  of  this  department  is  to  conduct  original  research  work, 
and  to  secure  advanced  information,  through  which  the  Station  may 
impart  to  the  people,  through  its  bulletins,  information  which  will 
be  of  value  to  all  the  people,  and  that  its  duty  is  not  to  answer 
special  questions  and  furnish  free,  information. which  should  be  pur- 
chased of  established  professional  men  of  the  state. 
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This  department  has  in  mind  (appropriation  permitting)  the 
study  of  the  following  questions  in  the  future : 

1st.  An  investigation  of  the  seepage  conditions  of  the  state, 
with  a  view  of  discovering,  if  possible,  some  means  of  economically 
bettering  the  same. 

2nd.  The  investigation  of  the  question  of  applying  wind  and 
gasoline  power  to  the  drainage  and  irrigation  conditions  of  the 
siate. 

3rd.  The  further  investigation  of  the  drainage  conditions  at 
Billings,  with  a  view  of  deriving  information  concerning  same,  and, 
if  possible,  discovering  a  means  of  bettering  the  conditions  of  the 
Yellowstone  valley. 

4th.  The  obtaining  of  the  dut  yof  water,  at  the  Station,  and  in 
the  Yellowstone  valley,  and  possibly  some  other  point. 

The  character  and  amount  of  work  we  can  carry  on  as  above 
outlined  will  largely  depend  upon  the  amount  available  for  the 
purpose,  and  the  character  of  assistance  we  are  able  to  employ. 
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LETTER  OF  TRANSMITTAL. 


Bozeman,  Montana,  December  31,  1906 
1  o  His  Excellency,  Joseph  K.  Toole, 

Governor  of  Montana. 
Dear  Sir: — In  accordance  with  the  Congressional  Act  of  March 
:2.  1887,  I  have  the  honor  to  transmit  herewith  the  thirteenth  annual 
jeport  of  the  Montana  Experiment  Station.  The  financial  statement 
is  for  the  year  ending  June  30,  1906,  the  results  of  investigations 
of  the  several  departments  are  reported  to  the  end  of  the  State  year, 
November  30,  1906. 

Very  respectfully, 

F.  B.  LINFIELD, 

Director. 
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REPORT  OF  THE  TREASURER. 

HATCH  FUND. 

The  Experiment  Station  of  the  Agricultural  College  of  the  State 
of  Montana  in  account  with  the  United  States  appropriation, 
1905-1906. 

Dr. 

To  receipts  from  the  Treasurer  of  the  United  States  as 
per  appropriation  for  fiscal  year  ending  June  30, 
1906,  as  per  Act  of  Congress  approved  March  2, 
1887 $15,000.00 

Cr. 

By  Salaries $  9,464.72 

Labor 2462.05 

Publications 1,062.31 

Postage  and  stationery 329. 78 

Freight  and  express 473 .  28 

Heat,  light,  water  and  power 67. 76 

Chemical  supplies 280. 15 

Seeds,  plants  and  sundry  supplies 

Fertilizers 

Library 141 .99 

Tools,  implements  and  machinery 260. 10 

Furniture. and  fixtures 85.65 

Scientific  Apparatus 357-21 

Contingent  expenses 15 .00 

Total $15,000.00 

We,  the  undersigned,  duly  appointed  Auditors  of  the  Corpora- 
tion, do  hereby  certify  that  we  have  examined  the  books  and  ac- 
counts of  the  Experiment  Station  of  the  Agricultural  College  of 
the  State  of  Montana,  for  the  fiscal  year  ending  June  30,  1906; 
that  we  have  found  the  same  well  kept  and  classified  as  above, 
and  that  the  receipts  for  the  year  from  the  Treasurer  of  the  United 
States  are  shown  to  have  been  $15,000.00,  and  the  corresponding 
disbursements  $15,000.00;     for  all    of    which    proper    vouchers  are 


on  file  and  have  been  by  us  examined  and  found  correct,  thus  leav- 
ing no  balance. 

And  we  further  certify  that  the  expenditures  have  been  solely 
for  the  purposes  set  forth  in  the  Act  of  Congress  approved  March 
2,  1887.  Signed: 

E.  B.  LAMME, 

JOHN  M.  ROBINSON,  Auditors. 
Attest :    PETER  KOCH,  Custodian. 

ADAMS  FUND. 

The  Experiment  Station  of  the  Agricultural  College  of  the  State 
of  Montana  in  account  with  the  United  States  appropriation, 
1905-1906. 

Dr. 

To  receipts  from  the  Treasurer  of  the  United  States  as 
per  appropriation  for  fiscal  year  ending  June  30, 
1906,  as  per  Act  of  Congress  approved  March  20, 
1906 $  s,ooo.oo 

Cr. 

By  Salaries $  1,037.50 

Labor 290.97 

Publications 

Postage  and  stationery 5 .20 

Freight  and  express 51 .60 

Heat,  light,  water  and  power 

Chemical  supplies • 

Seeds,  plants  and  sundry  supplies 4.35 

Fertilizers 

Library 

Tools,  implements  and  machinery 

Furniture  and  fixtures 

Scientific  apparatus 784.04 

Travelling  expenses 32.15 

Contingent  expenses 21 1 .32 

Balance 2,582.87 

Total $5,000.00 

We,  the  undersigned,  duly  appointed  Auditors  of  the  Corpora- 


tion,  do  hereby  certify  that  we  have  examined  the  books  and  ac- 
counts of  the  Experiment  Station  of  the  Agricultural  College  of 
the  State  of  Montana  for  the  fiscal  year  ending  June  30,  1906; 
that  we  have  found  the  same  well  kept  and  classified  as  above, 
and  that  the  receipts  for  the  year  from  the  Treasurer  of  the  United 
States  are  shown  to  have  been  $5,000.00,  and  the  corresponding 
disbursements  $2,417.13;  for  all  of  which  proper  vouchers  are 
on  file  and  have  been  by  us  examined  and  found  correct,  thus  leav- 
ing a  balance  of  $2,582.87. 

And  we  further  certify  that  the  expenditures  have  been  solely 
for  the  purposes  set  forth  in  the  Act  of  Congress  approved  March 
20,   1906.  Signed: 

E.  B,  LAMME, 

JOHN  M.  ROBINSON,  Auditors. 
Attest :    PETER  KOCH,  Custodian. 


SUPPLEMENTARY  STATEMENT. 
Experiment  Station  Miscellaneotas  Fund. 

Dr. 

Farm 
State.        Produce. 
To  Receipts $5424.44    $4,825.62 

Cr. 

By  Salaries 333-48     1,000.00 

Labor 737-07     1,882.66 

Publications 

Postage  and  stationery 140.84 

Freight  and  express 104.21 

Heat,  light  and  water 708.96 

Chemical  supplies 49.00 

Seeds,  plants  and  sundry  supplies 483.26       496.82 

Fertilizers 15.00         39.81 

Feeding  stuffs 375-93       409.11 

Library  

Tools,  implements  and  machinery 319.50 

Furniture  and  fixtures 184.72 

Scientific  apparatus 99-^5 

Live  Stock 150.00       836.00 

Traveling  expenses   767.82         81 .70 

Contingent  expenses 

Buildings  and  repairs 955.40       79- 5^ 

Total $10,250.06 


REPORT  OF  THE  DIRECTOR. 

With  the  passage  of  the  Adams  Act  by  the  United  States  Con- 
gress in  the  spring  of  1906,  the  agricultural  experiment  stations  en- 
tered on  a  new  era  in  their  work  and  development. 

This  act  gave  to  the  experiment  station  in  each  state  $5000.00 
for  the  year  ending  June  30th,  1906,  this  sum  to  be  increased  $2000.00 
per  year  till  the  total  equaled  $15000.00  per  year. 

The  supervision  of  the  elxpenditure  of  this  fund,  by  the  state,  is 
placed  under  the  direction  of  the  Secretary  of  Agriculture. 

In  a  letter  sent  to  the  Experiment  Station  soon  after  the  passage 
of  this  act,  the  Secretary  says: 

"The  Director  of  the  Office  of  Experiment  Stations  is  hereby 
designated  my  representative  in  all  matters  relating  to  the  business 
of  this  Department  in  connection  with  the  administration  of  this 
law,  and  the  Office  of  Experiment  Stations  will  aid  in  promoting  ef- 
fective work  under  this  act  in  the  same  general  way  as  it  has  hereto- 
fore in  relation  to  the  Hatch  Act. 

"Under  the  terms  of  the  act,  it  will  be  necessary  that  a  separ-: 
ate  account  of  the  Adams  fund  shall  be  kept  at  each  station,  which 
should  be  open  at  all  times  to  the  inspection  of  the  Director  of  the 
Office  of  Experiment  Stations,  or  his  accredited  representative. 

"In  the  interpretation  of  this  act  and  the  examination  of  the 
work  and  expenditures  of  the  stations  under  it,  I  have  instructed  the 
Director  of  the  Office  of  Experiment  Stations  to  be  guided  by  the 
following  principles: 

"The  Adams  fund  is  "to  be  applied  only  to  paying  the  necessary 
expenses  of  conducting  original  researches  or  experiments  bearing 
directly  on  the  agricultural  industry  of  the  United  States."  It  is 
for  the  "more  complete  endowment  and  maintenance"  of  the  experi- 
ment stations,  presupposing  the  provision  of  a  working  plant  and 
administrative  officers.  Accordingly,  expenses  for  administration, 
care  of  buildings  and  grounds,  insurance,  office  furniture  and  fit- 
tings, general  maintenance  of  the  station  farm  and  animals,  verifica- 
tion and  demonstration  experiments,  compilations,  farmers'  institute 
work,  traveling,  except  as  is  immediately  connected  with  original 
researches  in  progress  under  this  act,  and  other  general  expenses  for 
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the  maintenance  of  the  experiment  stations,  are  not  to  be  charged 
to  this  fund.  The  act  makes  no  provision  for  printing  or  for  the 
distribution  of  the  publications,  which  should  be  charged  to  other 
funds." 

This  shows  that  the  use  of  the  Adams  Fund  is  very  closely  re- 
stricted. 

The  Station  is  at  present  working  to  the  limit  of  the  funds  avail- 
able. It  is  evident,  therefore,  if  we  are  to  use  the  Adams  Fund,  as 
the  Secretary  of  Agriculture  has  ruled,  we  will  have  to  increase  the 
funds  for  Maintenance  and  for  Administration. 

The  Adams  Fund  has  to  be  used  for  original  work  only  and  has 
to  go  wholly  into  new  lines  of  work.  It  is  not  intended  to  help  on 
the  work  now  being  done  but  to  enable  the  Station  to  take  up  new 
and  original  problems.  It  would  appear,  therefore,  that  while  the 
state  should  suppliment  the  Hatch  Fund,  it  must  supplement  the 
Adams  Fund,  if  we  are  to  make  proper  use  of  it. 

Following  out  the  instructions  of  the  Secretary  of  Agriculture, 
the  Director  of  the  Office  of  Experiment  Stations,  U.  S.  Department 
of  Agriculture,  asked  the  Station  to  specify  in  detail  the  problems 
to  be  imdertaken  with  the  Adams  Fund  and  how  the  money  is  to  be 
expended  on  each  problem.  For  instance,  the  expense  for  each 
problem  has  to  be  outlined  as  follows,  using  as  illustration  one  of  the 
problems   undertaken : 

Problem : — Insects  affecting  the  sugar  beet  industry  in  Mon- 
tana. 

Expense  for  year  ending  June  30,  1907. 

Salary  of  expert  in  charge $1000.00 

Salary  of  assistant   400.00 

Labor 100.00 

Equipment I35«^^ 

Supplies   60.00 

Books   25.00 

Freight  and  Express 25-<?o 

T-^tal   $1745-0^ 

This,  it  is  readily  seen,  leaves  out  many  items  needed  to  make 
the  working  out  of  the  problem  possible ;  viz : — ^buildings  and  things 
needed  for  maintenance,  administration,  printing,  etc. 

Up  to  date,  we  have  estimated  on  but     seven     problems    anu 
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probably  eight  will  be  as  many  as  we  will  be  able  to  take  up  when 
the  full  fund  is  available.  When  any  of  these  are  worked  out,  of 
course,  others  will  be  taken  up. 

The  problems  outlined  to  date  are: 

(i)     Insects  affecting  the  sugar  beet  in   Montana. 

(2)  Disease  of  apple  trees,  caused  by  the  action  of  para- 

sitic fungi. 

(3)  Artificial  incubation  of  eggs. 

(4)  Development  of  a  sugar  beet  suited  to  dry  land  con- 

conditions. 

(5)  The  movements  of  soil  moisture  in  irrigated  and  non- 

irrigated  soils. 

(6)  How  nitrates  are  formed  in  irrigated  and  non-irrigat- 

ed soils. 

(7)  The  cause,  cure  and  control  of  seepage  water  from  ir- 

rigation ditches. 
At  the  present  time  some  of  those  problems  are  partly  support- 
ed from  other  funds.  That  is,  the  man  carrying  on  the  "Adams" 
problems  is  also  engaged  in  other  lines  of  investigation  and  some 
apparatus^  travelling  and  other  expense  is  divided  up  between  the 
problems,  making  the  expense  less  for  each.  Again,  in  some  depart- 
n.'ents  practically  all  the  travelling  expense  is  provided  from  othe^ 
sources  than  the  Adams  Fund. 

IMPROVEMENTS. 

It  is  probable  that  less  has  been  put  into  improvements  by  the 
Experiment  Station  during  the  past  year  than  for  any  year  during  the 
four  years  the  writer  has  been  connected  with  the  Station. 

To  properly  provide  for  the  Botanical  work  of  the  College,  a 
green-house,  22  feet  by  50  feet,  was  built  on  the  south  of  the  Station 
building,  with  an  entrance  from  this  building.  This  green-hoiise 
cost  about  $1000.00  ,about  $200.00  of  which  was  contributed  by  the 
Station. 

A'few  head  of  pure-bred  live  stock  were  also  obtained  during  the 
year.  Mr.  John  B.  Welcome,  of  Waterloo,  Montana,  loaned  the  Col- 
lege a  small  herd  of  Herefords,  consisting  of  a  bull  and  five  cows. 
From  Dr.  Mills  of  Missoula  the  College  purchased  one  Jersey  cow 
and  he  presented  to  the  College  another  cow,  a  young  bull  and  a 
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heifer  calf.     While  used  mainly  for  instruction  purposes,  these  ani- 
mals afford  opportunity  for  some  experimental  work. 

A  very  substantial  improvement  came  as  a  result  of  some  drain- 
age tests  by  the  Engineering  department.  As  a  result  of  this  work 
some  five  or  six  acres  of  wet  lands  that  had  been  rendered  partially 
useless  by  seepage  have  been  practically  reclaimed.  To  utilize  the 
water  developed  by  the  drainage  a  windmill  and  gasoline  engine 
has  been  set  up  and  a  reservoir  constructed,  which  will  permit  of 
the  irrigation  from  this  source  of  fifteen  or  twenty  acres  of  the  Col- 
lege farm. 

WORK   OF   DEPARTMENTS. 

Wit^  the  additional  help  from  Adams  Fund  the  Station  was 
able  to  enlarge  materially  its  work  for  the  year.  The  Adams  appro- 
priation went  to  four  departments;  viz:  Biolog>',  Chemistr}% 
Agronomy  and  Irrigation. 

The  work  qi  the  Biological  Department  has  extended  during  the 
year.  The  addition  of  an  assistant  in  Botany  makes  possible  the 
taking  up  of  studies  in  plant  diseases  and  considerable  work  is 
planned  in  this  direction. 

Under  the  Adams  Act,  two  problems  are  being  taken  up  by  the 
department ;  one  in  entomology  and  one  in  fungus  diseases,  and  con- 
siderable time  is  being  concentrated  by  the  department  on  these 
problems. 

In  addition  to  the  above,  studies  have  been  made  of  several  in- 
sects, some  of  which  appear  to  be  new  to  science.  Among  these 
are: 

(i)  A  moth  in  the  larval  stage  destroying  the  inside  of  the 
tir  cone. 

(2)  A  beetle  larva  and  other  insects  feeding  on  the  various 
species  of  Populus. 

(3)  A  small  moth  on  the  spruce. 

(4)  Cut-worms  on  winter  wheat. 

(5)  Parasites  of  grasshopper  eggs. 

Additions  have  also  been  made  to  the  insect  collections  and 
some  time  spent  in  naming  and  arranging  them. 

In  the  Chemical  department,  the  work  taken  up  under  the 
Adams  Act  were  new  problems.     The  chemist  is  also  doing  some 
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Avork  for  the  Adams  problems  of  other  departments. 

The  work  with  sugar  beets,  in  testing  the  value  of  home  grown 
seed,  was  continued  in  co-operation  with  the  United  States  Depart- 
rrent  of  Agriculture. 

Some  food  tests  were  made  of  various  dried  and  canned  meats 
and  of  vinegars  sold  in  the  state. 

The  Agronomy  department  has  undertaken  two  problems  under 
the  Adams  Act  and  these  are  entirely  new  and  are  additions  to  the 
work  already  in  hand. 

In  a  state  with  such  a  large  area  and  of  wide  variety  of  condi- 
tions, the  demands  upon  the  Agronomy  department  for  informa- 
tion are  most  pressing. 

The  department  has  undertaken  extensive  variety  tests  of  po- 
tatoes, sugar  beets,  flax,  oats,  barley,  peas  and  fall  and  spring  wheat, 
grasses  and  alfalfa.  New  varieties  are  obtained  from  diflferent  parts 
of  the  United  States  and  Canada  and  many  are  obtained  from  for- 
eign countries  through  the  U.  S.  Department  of  Agriculture.  These 
are  tested  on  the  Station  grounds  through  a  series  of  years  and 
tho§e  which  prove  superior  are  distributed  over  the  state. 

In  additiqn  to  this,  tests  of  soil  and  crop  management  are  being 
•conducted.  Tests  of  different  kinds  of  fertilizers,  different  rotations, 
the  effect  of  irrigation  on  crop  yield  and  upon  the  quality  of  the 
•crop  and  the  effect  of  different  methods  of  soil  cultivation. 

During  the  past  year,  work  in  corn  acclimation  was  undertaken 
in  the  Yellowstone  and  Bitter  Root  Valleys  with  the  object  of  find- 
ing a  dent  corn  that  would  mature  and  yield  heavily  in  these  valleys. 
On  timbered  land  in  the  western  part  of  the  state  crops  were  not  suc- 
cessful, though  the  land  looked  rich.  Tests  have  been  undertaken 
to  explain  and  overcome  the  difficulty. 

The  department  has  also  been  in  immediate  charge  of  the  dry 
farm  sub'-stations,  of  which  there  are  seven  in  various  parts  of  the 
state.     This  work  was  only  started  the  past  year. 

During  the  year  the  department  has  turned  over  to  other  de- 
partments for  feed  128  tons  of  hay,  1050  bushels  oats,  80  bushels 
wheat,  40  bushels  barley  and  gYi  tons  of  sugar  beets,  valued  at  about 
$1,219.50. 

The  Irrigation  department  under  the  new  management  has  de- 
cided to  concentrate  its  efforts  on  a  few  lines.  For  various  rea- 
sons it  was  not  found  possible  to  connect  up  closely  with  the  work 
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previously  done  in  the  Department.  It^was  decided,  therefore,  to 
take  up  but  one  main  though  broad  line  of  work ;  viz :  The  cause, 
control  and  cure  of  seepage  water.  This  problem  will  be  taken  up 
mainly  under  the  Adams  Fund. 

In  following  out  the  plans  outlined,  studies  have  been  carried 
on  at  the  Station  farm  and  also  near  Billings. 

During  the  year,  through  the  generosity  of  the  manufacturers, 
a  double  power  windmill,  a  gasoline  engine  and  a  pump  have  been 
installed  by  the  department  and  these  will  be  available  for  further 
study  during  the  coming  season. 

The  Horticultural  Department  has  enlarged  its  work  during  the 
year.  Considerable  time  was  spent  in  an  orchard  survey  of  the  Bit- 
ter Root  Valley,  so  as  to  get  by  personal  inspection  some  accurate 
knowledge  about  the  orchards  and  orchard  practice  of  this,  the  old- 
est fruit  growing  valley  of  the  state. 

Work  has  also  been  continued  on  the  study  of  the  effect  of  thin- 
ning fruit  in  orchards  in  the  Bitter  Root  Valley. 

At  the  Station  farm,  tests  of  vegetables,  of  ornamental  trees  and 
shrubs  and  of  variety  of  tree  and  bush  fruits  have  been  continued. 

The  Dairy  Department  has  been  studying  the  effect  of  age  on 
the  churnability  of  the  cream  and  upon  the  character  of  the  butter. 
Some  careful  studies  have  also  been  made  of  the  causes  of  variation 
in  the  richness  of  cream  from  a  separator  run  apparently  under  like 
conditions. 

The  department  has  kept  in  touch  with  the  creameries  of  the 
state,  visiting  all  of  those  at  present  running  in  the  state,  giving 
instructions  to  both  makers  and  patron.  During  the  year  the  State 
Dairymens'  Association  was  organized  and  the  head  of  the  Dairy 
Department  is  secretary  of  this  association. 

The  Animal  Industry  Department  has  continued  the  work  of 
previous  years;  no  new  work  being  undertaken.  In  co-operation 
with  the  Dairy  Department,  plans  were  laid  to  find  the  returns  in 
milk  and  increase  in  live  weight  obtained  from  the  cows  and  young 
stock  upon  the  Station  pasture.  The  results  of  this  are  given  in 
the  report  of  the  Dairy  Department. 
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SUB-STATIONS. 

Through  an  agreement  entered  into  between  the  Northern 
Pacific  Railway,  the  Great  Northern  Railway  and  the  Montana  Ex- 
periment Station,  the  dry  farm  experiment  work  was  materially  ex- 
tended during  the  past  year.  The  Northern  Pacific  Railway  con- 
tributed $2500.00  and  the  Great  Northern  gave  $2000.00  for  the  year. 
In  addition  free  transportation  was  given  for  the  men  engaged  and 
the  material  used  in  the  work.  The  Experiment  Station  put  $1000.00 
)f  State  funds  into  this  dry  farm  work.  On  the  solicitation  of  the 
iiilroads  the  stations  at  Miles  City,  at  Dillon  and  at  Helena  were 
discontinued.  Work,  however,  was  continued  at  Thirteen  Mile 
Creek,  north  of  Glendive  and  a  new  station  was  established  at  For- 
syth and  another  in  the  Lake  Basin  country,  twenty-five  miles  north 
cf  Billings. 

In  the  northern  part  of  the  state  in  addition  to  Wayne,  a  station 
was  started  at  Shelby  and  another  some  twenty-five  miles  north  of 
Harlem.  In  addition  to  the  contributions  from  the  railroads  the 
people  of  Harlem  drilled  a  well,  built  a  small  house  and  fenced  about 
:200  acres  of  land  at  a  cost  of  about  $300.00  to  $350.00.  At  the  request 
of  the  Director,  Representative  Dixon  and  Senator  Carter  got  a  bill 
through  Congress  setting  aside  for  the  dry  farm  work  the  section  of 
land  selected  for  the  work  north  of  Harlem.  At  Forsyth  the  local 
people  donated  $110.00  to  help  the  work  at  the  station  near  that 
place. 

The  Experiment  Station  and  the  state  are  under  many  obliga- 
tions to  the  railroads  and  to  the  people  of  these  localities  for  their 
generous  support  for  this  work. 

CO-OPERATIVE    EXPERIMENTS. 

During  the  year  co-operative  work  was  continued  with  the 
Northern  Pacific  Railway,  which  contributed  $2500.00  toward  the 
carrying  on  of  dry  farm  tests  at  Billings,  Forsyth  and  Glendive. 

The  Great  Northern  Railway  entered  into  this  co-operation  the 
past  year  and  contributed  $2000.00  toward  carrying  on  dry  land  ex- 
periments at  Shelby,  Harlem  and  Wayne.  The  help  given  toward 
this  dry  farm  work  by  the  railways  has  made  it  possible  for  us  to  take 
up  extensive  studies  along  this  line,  whereas  without  this  help  little 
or  nothing  could  have  been  done. 
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Up  till  June  30th,  1907,  the  Poison  Plant  Division  of  the- 
Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agriculture  continued  co- 
operation with  the  Station,  but  owing  to  lack  of  funds  could  not 
continue  beyond  that  time. 

NEEDS  OF  THE  STATION. 

The' passing  of  the  Adams  Act  with  the  additional  funds  which 
comes  to  the  Station  as  a  result,  makes  still  more  imperative  the 
needs  of  the  Station  for  more  room  and  equipment.  We  have  called 
attention  to  these  needs  in  the  reports  of  the  past  two  or  three  years. 
Our  needs  in  this  direction  have  increased  with  the  passing  tim^ 
and  we  hope  with  the  improved  financial  condition  of  the  state, 
something  may  be  done  during  the  coming  winter  to  relieve  the 
crowded  condition  of  the  agricultural  and  biological  departments 
01  our  work. 

THE    STATION    STAFF. 

With  the  increase  in  the  funds  and  work  of  the  Experitneni 
Station,  the  Director  felt  that  he  could  no  longer  give  to  the  work  in 
Animal  Industry  the  attention  it  should  have.  In  view  of  thi;.  fact, 
R.  W.  Clark,  Prof,  of  Animal  Industry  at  the  Utah  Station,  was  en- 
gaged to  take  charge  of  this  department.  Prof.  Clark  asked  leave  of 
absence  to  study  in  the  East  for  some  months  and  takes  up  his  work 
at  the  Station  on  Jan.  ist,  1907. 

In  view  of  the  increase  in  the  funds  of  the  Station  and  the 
need  of  expert  help  in  carrying  on  the  work  under  the  Adams  Act, 
several  assistants  were  added  to  the  staff.  Mr.  Andrew  P.  Ander- 
son, a  graduate  from  Pullman,  Washington,  was  engaged  as  assist- 
ant in  the  Engineering  Department. 

In  the  Chemical  Department,  Mr.  Frank  Ham,  a  graduate  of  the 
College,  was  engaged  as  Assistant  Chemist. 

Mr.  Dean  B.  Swingle,  a  graduate  of  the  Kansas  Agiicultura'. 
College  and  also  of  the  University  of  Wisconsin  and  who  for  five 
years  was  employed  by  the  Bureau  of  Plant  Industry,  Uniter!  States 
Department  of  Agriculttire,  was  engaged  as  Assistant  Botanis:  an'i 
took  hold  of  his  work  on  September  ist,  1906. 

Mr.  J.  B.  Nelson,  who  was  Assistant  Agronomist  at  the  T/tah 
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Station,  was  engaged  in  March  1906,  as  Superintendent  of  uiy  farms 
and  will  give  his  entire  time  to  the  dry  farm  work. 

AGRICULTURAL    EXTENSION    WORK. 

In  its  growth  and  development,  the  work  of  the  agiicultural 
college  seems  to  trend  toward    a    division    into  three  main  lines: 

1st.  The  Agricultural  Experiment  Station,  which  devotes  its 
energies  to  finding  out  new  facts  and  formulating  correct  n>ethods  of 
agricultural  practice  from  these  new  facts.  It  furnishes  the  facts 
upon  which  are  based  the  agricultural  instruction  by  the  College. 

2d.  The  Agricultural  College,  where  the  facts  and  formulas 
-worked  out  or  verified  by  the  Experiment  Station  are  presented  in 
pedigogic  form  to  the  young  people  who  come  to  us  for  such  in- 
struction. 

3d.  There  is  the  Extension  Work  of  the  College,  through  which 
we  aim  to  reach  all  the  people  of  the  state  and  to  help  them  toward  a 
better,  more  profitable,  and  more  enjoyable  agriculture. 

The  present  activities  in  this  direction  are  listed  as  follows: 

(a)  The  Farmers'  Institute  work.  /     ' 

(b)  Correspondence. 

(c)  Tests  and  demonstration  of  various  kinds,  chemical 

analysis,  seed  testing,  etc.,  inspection  work,  etc. 
These  lines  of  instruction,  it  appears  to  me,  are  logical  out- 
growths of  the  Experiment  Station  and  Agricultural  College  work 
and  hieretofore  the  expense  of  providing  for  much  of  this  work  has 
been  borne  by  the  College  and  Experiment  Station  without  any 
special  appropriation.  The  travelling  expenses  of  the  men  sent  on 
Farmers'  Institute  work  have  been  paid,  but  the  time  of  these  men 
has  been  contributed  free  of  cost.  Had  this  time  been  paid  for  it 
would  have  added  a  great  deal  to  the  cost  of  the  work. 

FARMERS'    INSTITUTE. 

During  the  past  year  the  Station  and  College  officers  spent  no 
days  in  the  field  on  Farmers'  Institute  work.  In  addition  to  this, 
considerable  time  was  given  to  preparation  of  the  lectures  and  the 
Director  spent  a  large  amount  of  time  in  advertising  the  meetings 
snd  in  editing  and  printing  the  Annual  Report  of  300  pages. 

The  number  of  Farmers'  Institute  meetings  are  growing  rapidly. 
In  1902-3  forty-three  meetings  were  held  in  thirty-five  towns  of  the 
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slate.  In  1905-6  one  hundred  and  thirty-three  meetings  were  held 
in  seventy-seven  towns  of  the  state  and  the  attendance  increased 
from  about  2000  to  close  to  8000  people. 

The  Director  of  the  Experiment  Station  being  a  member  of  the 
Board  of  Farmers'  Institutes  and  also  Secretary  of  the  Board  and 
Superintendent  of  the  Institute  work  for  the  state,  upon  him  devolves 
the  responsibility  for  the  success  of  the  work.  Again,  as  the  state 
as  yet  lacks  a  trained  body  of  agriculturists  who  can  find  time  to 
help  at  those  meetings,  the  weight  of  the  work  falls  upon  the  mem- 
bers of  the  Station  staff. 

The  College  and  Experiment  Station  work,  however,  is  rapidly 
growing  in  magnitude  and  must  not  be  neglected.  If  therefore,  the 
Farmers'  Institute  and  agricultural  extension  work  is  to  grow  and 
prosper,  we  have  about  reached  a  time  when  it  must  be  made  a  de- 
partment of  the  institution  and  given  the  help  and  financial  support 
necessary  to  its  proper  development. 

CORRESPONDENCE. 

Through  correspondence  in  answer  to  inquiries  on  practical 
agricultural  questions  and  by  articles  to  the  press,  the  Experiment 
Station  is  conducting  a  large  correspondence  school.  The  demands 
ill  this  direction  are  continually  increasing.  For  the  past  year  4700 
letters  were  sent  out.  Durin'r  the  vear  two  clerks  have  been  em- 
ployed  who  have  devoted  most  of  their  time  to  this  correspondence*. 
Ey  departments  the  letters  were  as  follows : 

Director's  office,  11 59  letters;  Chemical  Department,  600  let- 
lirs  and  600  to  700  circular  letters;  Biological  Department,  575  let- 
ters and  a  few  circular  letters;  Agronomy  Department,  766  letters 
and  198  circular  letters;  Irrigation  Department,  410  letters,  givin.e 
information  and  200  letters  of  inquiry,  etc.;  Horticultural  Depart- 
ment, 591  letters  and  674  circular  letters;  Dairy  Department,  702 
letters;  Poultry  etc.,  200.  This  makes  a  total  of  about  4700  letters 
and  800  circular  letters  for  the  year.  This  shows  an  increase  of 
about  300  letters  over  the  past  year. 

TESTS   AND   DEMONSTRATIONS. 

There  is  vet  another  kind  of  information  demanded  of  us  which 
?i  times,  because  of  the  expense  in  time  and  material  involved, 
ir.akcs  serious  inroads  upon  our  work.     Probably  our  Chemical  Dt- 
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partment  has  to  meet  more  of  these  demands  than  any  other. 
Some  people  would  like  to  get  a  soil  analyzed ;  others  would  like  to 
have  water  tested;  again  some  food  product,  it  is  desired  to  have 
tested  for  an  adulterant  or  poison,  etc.  Our  Engineer  is  request- 
ed to  travel  a  few  hundred  miles  to  inspect  a  system  of  weirs,  or 
to  inspect  a  ditch,  or  to  pass  upon  an  irrigation  or  small  waterworks 
system  or  to  test  samples  of  cement.  Our  Biological  Department 
IS  asked  to  make  bacteriological  examinations  of  various  kinds ;  the 
Agronomy  Department  to  test  seeds,  and  the  Dairy  Department  to 
test  milk. 

Now,  I  think  the  people  of  the  state  can  readily  see  that  if  we 
were  to  throw  the  door  wide  open  and  do  this  work  free  of  charge 
to  all  who  asked  we  might  do  nothing  else,  and  so  neglect  the  es- 
pecial duties  that  we  are  placed  here  to  perform. 

All  will  admit  that  it  is  not  an  easy  matter  to  draw  the  line  as 
to  how  far  it  is  allowable  to  go  in  these  matters.  Tests  which  in- 
volve but  little  time  or  expense,  as  the  testing  of  milk  and  seeds  or 
grain,  may  be  readily  taken  care  of,  but  those  that  involve  large  ex- 
pense in  time  and  material  are  another  matter.  As  a  rule,  the  Ex- 
periment Station  is  not  prepared  to  make  any  tests  along  the  above 
lines  for  any  individual  or  company,  unless  the  results  have  a  bear- 
ing on  work  being  carried  on  by  the  Station  or  if  the  results  have  a 
wide  general  interest. 

I  believe  our  friends  over  the  state  will  recognize  that  if  we  are 
to  carry  on  original  investigations  in  the  agricultural  field,  we  can- 
not burden  our  time  with  miscellaneous  tests  and  analysis  which  may 
have  no  relation  whatever  to  the  work  we  have  in  hand. 

PUBLICATIONS  OF  THE  YEAR- 

Four  bulletins  and  the  thirteenth  annual  report  were  published 
during  the  year.  These  contain  184  pages  of  printed  matter  and  24 
plates. 

Bulletin  No.  63: — Dry  Farming  in  Montana,  by  F.  B.  Linfielci, 
and  Alfred  Atkinson,  Agronomist,  presents  first  a  survey  of  the  prob- 
able favorable  sections  of  the  state  for  dry  farming  and  then  discus- 
ses some  dry  farming  principles  and  practices,  based  on  a  prelimin- 
ary study  of  the  problems  in  Montana.  Thirty-two  pages  and 
eleven  plates. 

Bulletin  No.  64: — The  Fourth  Annual  Report  of  the  State  En- 
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tomologist,  by  R.  A.  Cooley,  Entomologist.  This  is  a  brief  repon 
Gi  the  work  of  the  year  together  with  a  few  notes  on  insects  tfiat  have 
been  troublesome.     Thirteen  pages. 

Bulletin  No.  65: — Seepage  and  Drainage,  by  E.  T.  Tannatt, 
Rural  Engineer.  A  discussion  of  observations  on  the  ground  water 
and  drainage  of  a  section  of  the  Experiment  Station  farm.  Nine 
pages  and  four  plates. 

Bulletin  No.  66 : — An  Orchard  Survey  of  the  Bitter  Root  Val- 
lay,  by  R.  W.  Fisher,  Horticulturist.  This  bulletin  gives  the  re- 
sult of  a  careful  study  of  the  orchards  of  the  Bitter  Root  Valley, 
noting  the  varieties  grown,  the  management  given  and  the  results 
from  such,  orchards.  The  results  are  supplemented  by  deductions 
from  the  observation  made.     Thirty-two  pages  and  seven  plates. 

The  Thirteenth  Annual  Report: — The  report  of  the  Director 
on  the  work  and  observations  of  the  year,  and  also  reports  of  the 
heads  of  each  department,  giving  results  of  some  of  the  work  of 
the   year. 

MAILING    LIST. 

The  Station  mailing  list  continues  to  increase.  For  the  past 
year  an  edition  of  6,000  copies  have  been  issued.  About  3,500 
copies  are  distributed  in  the  state.  600  copies  are  sent  to  persons 
interested  in  our  work  over  the  United  States.  Over  700  copies  ^0 
to  officers  and  others  at  the  agricultural  colleges  and  experiment 
stations  of  the  United  States,  and  50  copies  are  sent  to  foreign  coun- 
tries. 

LIST  OF  STATION  PUBLICATIONS. 

1 .  Organization — Announcements. 

2.  Smuts  of  Wheat,  Oats  and  Barley. 

*  3.  Pig  Feeding. 

*  4.  Glanders. 

*  ;.  I^^irst  Annual  Report,  Crop  Statistics  of  Gallatin  County. 
*"  ().  Measurement  of  Water. 

*  7.  Small  Grains  and  Potatoes. 

*  8.  Second  Annual  Report — Crop  Statistics  of  Gallatin  County- 

Parasitic  Ictero — Haematuria  of  Sheep. 

*  9.      Potatoes. 

*io.     Small  Grains,  Wheat,  Oats,  Barley. 

*^  11 .      Devices  for  Obtaining-  a  Constant  Flow  in  Laterals  with  Vari- 
?ble  Heads  in  the  Main  Canals  or  Reservoirs. 
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12.  Third  Annual  Report,  Spaying  of  Mares. 

13.  Drinking  Water. 

14.  Montana  Swine  Feeding. 

15.  Larkspur  Poisoning  of  Sheep. 

16.  Fourth  Annual  Report.  • 

17.  An  Army  Cut  Worm — ^The  Grain  Aphis. 
*i8.  The  Alkali  Soils  of  Montana. 

^19.  The  Sugar  Beet  in  Montana. 

*20.  Fifth  Annual  Report. 

*2i .  Sheep  Feeding. 

*22.  Thirteen  Botanical  Subjects. 

^23.  Injurious  Fruit  Insects;  Insecticides;  Insecticide  Apparatus. 

♦24.  •  Sixth  Annual  Report. 

*25.  Paris  Green,  and  London  Purple. 

♦26.  Poultry  Raising. 

''^27 ,  Live  Stock  Feeding  Tests,  Beef  Cattle,  Lambs  and  Swine. 

'•'28.  Seventh  Annual  Report.^ 

♦29.  Quantity  of  Water  Used  in  Irrigation. 

*30.  Weeds  of  Montana. 

*3i .  Report  of  Grazing  and  Feeding  Tests,  Beef  Cattle  and  Lambs. 

32.  Eighth  Annual  Report. 

33.  Sugar  Beets  in  Montana. 

34.  Farmers'  Weirs. 

35 .  Report  of  Feeding  Tests. 

36.  Forage  Conditions  in  Montana. 
iJ ,  Pork  Prodtiction  in  Montana. 
38.  Food  Adulterations. 

*39.  Sheep  Feeding  in  Montana. 

40.  Root  Crops  in  Montana. 

41.  Sugar  Beets,  (1902). 

42.  The  Codling:  Moth. 
Ninth  Annual  Report. 

43.  Duty  of  Water. 

44.  Apple  Growing  in  Montana. 

45.  The  Loco,  and  Some  Other  Poisonous  Plants  in  Montana. 

46.  Two  Insect  Pests, 

47.  Sheep  Feeding. 

48.  Steer  Feeding. 

49.  Contagious  Abortion  in  Montana. 

*So.  Poultry  Management  and  Poultry  Diseases. 

51.  First  Annual  Report  of  the  State  Entomologist. 
Tenth  Annual  Report. 

52.  Sugar  Beets. 

53.  Creameries  and  Cheese  Factories. 

54.  The  Alkali  Soils  of  Montana. 
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55-  Second  Annual  Report  of  the  State  Entomologist. 
Eleventh  Annual  Report. 

56.  Native  Economic  Plants  of  Montana. 

57.  Feeding  Pigs.  » 

58.  Fattening  Cattle. 

59.  Shefep  Feeding. 

60.  Onion  Culture. 

61 .  Food  Adulterations. 

62.  Third  Annual  Report  of  the  State  Entomologist. 
*  Twelfth   Annual   Report. 

63.  Dry  Farming  in  Montana. 

64.  Fourth  Annual  Report  of  the  State  Entomologist. 

65.  Seepage  and  Drainage. 

66.  Orchard  Survey  of  the  Bitter  Root  Valley. 
Thirteenth  Annual  Report. 

♦Out  of  Print. 

EXCHANGE  LIST. 

Agricultural  Eptiomist,  Spencer,  Indiana. 

American  Fancier,  Johnstown,  New  York.- 

American   Fertilizer,   Philadalphia,   Pennsylvania. 

American  Hay,  Flour  and  Feed  Journal,  Milwaukee,  Wisconsin. 

American   Poultry  Advocate,  Syracuse,  New  York. 

American  Poultry  Journal,  Chicago,  Illinois. 

Beet  Sugar  Gazette,  Chicago,  Illinois. 

Big  Timber  Pioneer,  Big  Timber,  Montana. 

Billings  Times,  Billings,  Montana. 

Bozeman   Chronicle,  Bozeman.  Montana. 

Butte  Inter-Mountain,  Butte,  Montana. 

Chicago  Daily  Drovers'  Journal,  Chicago,  Illinois. 

Chicago  Dairy  Produce,  Chicago,  Illinois. 
Chicago  Live^  Stock  World,  Chicago,  Illinois. 
Chicago  Markets,  Chicago,  Illinois. 
Chinook  Opinion,  Chinook,  Montana.. 
Coleman's  Rural  World,  St.  Louis,  Missouri. 
Dailv  Independent,  Helena,  Montana. 
I;airV  Record,  St.  Paul,  Minnesota. 
Dcseret  Farmer.  Provo,  Utah. 
Dillon  Examiner,  Dillon,  Montana. 
Dillion  Tribune,  Dillon,  Montana. 
Farmers'  Advocate,  Winnipeg,  Manitoba. 
Farmer  &  Breeder,  Sioux  City.  Iowa. 
Farmers'  Guide,  Huntington,  Indiana. 
Farmers'   Review,  Chicago,  Illinois. 
Farm,  Field  and  Fireside,  Chicago,  Illinois. 
Farm  Home,  Springfield,  Illinois. 
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Farm  Journal,  Philadelphia,  Pennsylvania. 

P'arm  Progress,  St.  Louis,  Mo. 

Farm  News,  Springfield,  Ohio, 

Farm,  Stock  &  Home,  Minneapolis,  Minnesota. 

Farm  Poultry,  Boston,  Mass. 

Feather,  Washington,  D.  C. 

Fruit  Grower,  St.  Louis,  Mo. 

Furrow,  Moline,  Illinois. 

Gallatin    County   Republican-Courier,    Bozeman,   Montana. 

Gem  State  Rural,  Caldwell,  Idaho. 

Gleanings  in  Bee  Culture,  Medina,  Ohio. 

Glendive  Independent,  Glendive,  Montana. 

Great  Falls  Weekly  Tribune,  Great  Falls,  Montana. 

Home  &  Farm,  Louisville,  Ky. 

Horticultural  Visitor,  Kimmundy,  111. 

Hospodar,  Omaha,  Neb. 

Independent,  Miles  City,  Montana. 

Irrigation  Age,  Chicago,  Illinois. 

Jersey  Bulletin,  Indianapolis,  Indiana. 

Kansas  Farmer,  Topeka,  Kansas. 

Kimball's  Dairy  Farmer,  Waterloo,  Iowa. 

Livingston  Post,  Livingston,  Montana 

Madison  County  Monitor,  Twin  Bridges,  Montana 

Madisonian,   Virginia   City,   Montana. 

Milk  River  Valley  News,  Harlem,  Montana. 

National  Farmer  &  Stockgrower,  St.  Louis,  Mo. 

National  Farmer,  Winona,  Minnesota. 

Nebraska  Farmer,  Omaha,  Neb. 

Northwest  Poultry  Journal,  Salem,  Oregon. 

Northwest  Tribune,  Stevensville,  Montana. 

Northwestern  Stockman  &  Farmer,  Helena,  Montana. 

Orange  Judd  Farmer,  Chi^^go,  Illinois. 

Oregon   Agriculturist,   Portland,  Ore. 

Pacific  Coast  Fancier's  Monthly,  San  Jose,  Cal. 

Pacific  Dairy  Review,  San  Francisco,  Cal. 

Pacific  Fruit  World,  Los  Angeles,  Cal. 

Pacific  Poultryman,  Tocoma,  Washington. 

Park,  Cemetery  and  Landscape  Gardening,  Chicago,  Illinois. 

Plainsman,  Plains,  Montana. 

Poultry  Herald,  St.  Paul,  Minn. 

Poultry  Husbandry,  Waterville,  New  York. 

Poultry  Success,  Springfield,  Ohio. 

Prairie  Farmer,  Chicago,  Illinois. 

Rocky  Mountain  Husbandman,  Great  Falls,  Montana. 

Republic,  St.  Louis,  Mo. 

Rural  New  Yorker,  New  York. 

Semi-Weekly  Missoulian,  Missoula,  Montana, 
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DONATIONS    AND    LOANS. 

American   Shock   Binder   Co.,   Richmond,   Va.     One  shock  binder. 

Double  Power  Mill  Co.,  Appleton,  Wis.  One  14  ft.  steel  wind-mill, 
also  cuts  of  mill  and  station  grounds. 

Link  Belt  Mfg.  Co.,  Chicago,  111.     One  link  pump  No.  2 

The  International  Harvester  Co.,  Chicago,  111.  Loaned  one  5-horse 
power  gasoline  engine. 

Messrs.  White  and  Arnold,  Billings,  Mont.  For  drainage  investi- 
gations, $45.00. 

Mr.  Ed  O'Donnell,  Billings,  Mont.  For  drainage  investigations, 
$15.00. 

Mr.  Paul  McCormick,  Billings,  Mont.  For  drainage  investigations, 
use  of  horse  and  saddle. 

B.  F.  Luke  Co.,  Salt  Lake  City,  Utah.     One  irrigation  plow  and 

leveler. 
Office   of  Vegetable   Pathological   &   Physiological   Investigations, 

Bureau  of  Plant  Industry,  U.  S.  Dept.  of  A.     50  lbs.  beet  seed 

(Kleinwanzlebener.) 
Office  of  Seed  &  Plant  Introduction,  U.  S.  D.  A.    80  lbs.  beet  seed 

( Kleinwanzlebener. 
E.  D.  Morrison,  Fairfield,  Wash.     100  lbs.  beet  seed  (Kleinwanzleb- 
ener.) 
Edward   C.  Post,  Dundee,  Mich.     lib  lbs.  beet  seed   (Breustadt's 

Elite)  ;  50  lbs.  beet  seed   (Breustedt's  Elite  A.)  ;  50  lbs  beet 

seed  (Breustedt's  Neuere  Zucht.) 
H.  Cordes,  Glendale,  Ariz.     5  lbs.  beet  seed  (Knauer's  Mangold;  5 

lbs.  beet  seed  (Knauer's  Kleinwanzlebener.) 
I.'.  S.  Dept.  of  Agriculture.     Use  of  franking  privileges. 
O.  S.  Chilcot,  Rockvale,  Mont.     200  silver  populars. 

C.  A.  Ailing  &  Co.,  Homer,  Minn,     y^  doz.  Homer  cherry-trees. 
W.  Attlee  Burpee  &  Co.,  Philadelphia,  Pa.     Vegetable  and  flower 

seeds.  % 

Holgiano  &  Sons,  Baltimore,  Md.     Two  varieties  tomato  seeds. 
M.  Langohr,  Bozeman,  Mont.     Hardy  annual  and  perennial  plants. 
Klov  Errickson,  St.  Paul,  Minn.     Lactic  acid  culture. 
American  Acid  &  Alkali  Co.,  Bradfort,  Pa.     Butter  Culture. 
Marshall  Dairy  Laboratory,  Madison,  Wis.     Dairy  cheese  color  and 

rennet  tablets. 
Frank  L.  Jones,  Utica,  N.  Y.     Cheese  pepsin. 
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Omega  Separator  Co.,  Lansing,  Mich.  Loaned  one  450  lb.  separ- 
ator. 

Hastings  Industrial  Co.,  Chicago,  111.     Loaned  one  450  lb.  separator. 

Empire  Separator  Co.,  Bloomfield,  N.  J.     Loaned  separator. 

Vermont  Farm  Machine  Co.,  Bellows,  Falls,  N.  Y.  Loaned  separ- 
ator. 

Alpha  Separator  Co.,  Chicago,  111.     Loaned  separator. 

Dr.  W.  P.  Mills,  Missoula,  Montana.    Three  Jerseys. 
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ANIMAL  INDUSTRY  DEPARTMENT. 

F.    B.    LINFIELD. 

The  Animal  Industry  Department  has  no  special  results  to 
report  as  a  result  of  the  past  year's  work.  A  carload  of  steers  were 
fed  during  the  winter  but  no  sheep.  An  experiment  was  also  con- 
ducted with  feeding  dairy  cows.  Several  lots  of  pigs  were  fed  in  a 
study  of  the  value  of  supplemental  foods.  The  results  of  all  these 
tests  are  reserved  until  further  experiments  are  carried  out  along 
the  same  lines.     No  bulletins  were  published  during  the  past  year. 

POULTRY  DIVISION. 

During  the  year  Mr.J.R.Scott,who  had  charge  of  the  poultry  plant 
for  some  eighteen  months,  resigned  to  go  into  business  and  Mr. 
Henry  Langenschwadt  of  New  York,  was  engaged  in  his  place. 

Some  additional  improvements  have  been  made  in  the  poultry' 
buildings.  In  laying  house  No.  i,  described  in  Bulletin  No.  26, 
roosting  pens  have  been  constructed  with  a  curtain  front.  Some 
years  ago  we  tried  heating  this  building  with  a  stove  and  later  by 
means  of  a  hot  water  coil.  Neither  proved  satisfactory.  The  com- 
ing winter,  we  will  try  the  roosting  pen  protected  by  the  curtain 
front  in  cold  weather. 

The  laying  pens  in  all  of  the  houses  have  been  provided  with 
an  ample  number  of  trap  nests  so  that  egg  records  may  be  kept  of 
every  bird  in  the  pens. 

When  first  equipped,  hot  water  pipes  were  used  to  heat  the 
brooders-  in  the  brooder  house.  After  two  seasons*  experience  we 
decided  to  change.  The  hot  water  pipes  will  be  used  to  heat  the 
house  but  the  brooders  will  be  heated  with  lamps.  With  the  hot 
water  pipes  it  seemed  impossible,  without  very  much  more  care  than 
we  could  give,  to  prevent  the  brooders  from  occasionally  getting  too 
cold  during  changeable  weather.  The  result  was  a  very  large  loss 
in  our  early  hatched  chicks  and  a  stunted  growth  in  those  that  Sur- 
vived. 

To  the  breeds  of  poultry  listed  last  year  we  have  added  two 
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Others;  viz.  the  Buff  Orpingtons  and  the  White  Plymouth  Rocks. 
This  gives  us  eight  representative  breeds. 

A  point  that  should  be  called  attention  to  in  connection  with 
our  poultry  is  that  our  plan  is  to  try  and  develop  large  laying  strains 
of  the  various  breeds.  In  view  of  this  fact,  we  will  not  emphasize 
fancy  points  in  the  selection  of  our  breeding  stock,  but  rather  the 
egg  producing  record.  We  are  only  beginning  to  take  up  this  work 
and  so  have  no  pedigreed  laying  stock  at  present  but  with  the  trap 
nests  in  operation  we  hope,  in  a  few  years,  to  have  something  in 
this  direction  of  value  to  offer.  To  those  who  are  interested  in  our 
work,  I  would  like  to  say  that  while  we  are  no^  going  to  neglect 
bird  types  and  characteristics  our  principle  aim  will  be  to  produce 
utility  stock  and  not  fancy  or  high  scoring  birds. 

NEW  POULTRY  BUILDING. 

•The  new  poultry  building,  described  in  the  last  Annual  Report, 
after  a  year  of  service  has  proved  very  satisfactory.  We  have  had 
no  trouble  from  frosted  combs,  even  in  extreme  cold  weather.  The 
birds  keep  strong  and  healthy  and  we  are  getting  more  eggs  and  a 
larger  proportion  of  fertile  eggs  than  from  the  birds  in  our  old  house, 
which  is  described  in  Bulletin  No.  26. 

EGG  RECORDS  OF  STATION  FOWLS. 

Table  No.  i  gives  the  tgg  record  of  each  pen  of  birds  for  tlie 
year.  It  also  shows  the  number  of  birds  in  each  pen  and  the  averap^e 
number  of  eggs  laid  by  each  bird. 

In  pen  one  there  were  four  Light  Brahma  pullets.  They  aver- 
aged  78  eggs  each  for  the  year  The  largest  number  of  eggs  lata  by 
one  bird  was  92  and  the  least  71. 

Pen  two,  White  Wyandottes,  averaged  70  eggs  to  each  bird,  and 
the  range  was  from  no  eggs  to  119  for  the  year. 

Pen  three.  Barred  Plymouth  Rocks,  averaged  71  eggs  for  the 

pen.     The  range  was  from  33  to  138  eggs  for  the  year. 

Pen  four,  Single  Combed  Brown  Leghorns,  averaged  82.9  eggs, 

and  the  range  was  from  38  to  119  eggs  for  the  year. 

Pen  five.  Single  Combed  White  Leghorns,  averaged  90  egqs  for 

the  year.     The  lowest  record  was  one  ^gg;  the  highest  107  eggs  for 

the  year. 
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Pen  six,  Rose  Combed  Brown  Leghorns,  averaged  60  eggs  each. 
The  lowest  record  was  17  eggs  and  the  highest  112  eggs  for  the  year. 

Pen  seven.  Single  Combed  Brown  Leghorns,  averaged  85.9  eggs 
for  the  year.  The  lowest  record  was  26  and  the  highest  139  eggs  for 
the  year. 

Pen  eight.  Single  Combed  Brown  Leghorns,  averaged  494  eggs 
for  the  year.    The  lowest  record  was  5  and  the  highest  100  eggs. 

Pen  nine,  Single  Combed  Brown  Leghorns,  -averaged  694  eggs 
for  the  year.     No  individual  records  were  kept. 

Pen  ten,  White  Wyandot tes,  averaged  70  eggs  for  the  year. 
The  range  was  from  one  to  138  eggs  for  the  year. 

Pen  eleven,  Barred  Plymouth  Rocks,  averaged  68  eggs  for  the 
year.    The  range  was  from  37  to  88  eggs. 

Pen  twelve.  Single  Combed  Leghorns,  averaged  101.5  eggs  for 
the  year.  This  was  a  pen  of  pullets  and  they  gave  the  highest  aver- 
age for  the  year.     No  individual  records  were  kept. 

Pen  thirteen  averaged  45  eggs  for  the  year,  and  pen  fourteen 
averaged  80.5  eggs.     No  individual  records  were  kept  of  these  pens. 

There  are  two  things  about  this  record  that  we  are  going  to  en- 
deavor to  change  in  the  next  few  years,  if  possible.  First,  the  egg 
record  should  be  practically  doubled;  and  second,  we  desire  to  get 
the  hen  to  start  laying  at  least  two  months  earlier  and  to  push  for- 
ward the  maximum  egg  production.  This  record  shows  the  maxi- 
mum egg  production  during  April,  May  and  June. 
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EGG    RECORD    OF    THE    POULTRY   ON     THE     EXPERIMENT    STATION 
FARM. 
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BIOLOGICAL  DEPARTMENT. 

R.  A.  COOLEY,  Entomologist, 
INSECT    COLLECTIONS. 

So  far  as  possible  in  the  limited  time  available  for  such  work, 
we  have  added  to  our  collections  of  insects  and  have  made  some 
progress  in  naming  and  arranging  for  reference,  the  collections  that 
have  been  accumulated  since  my  arrival  in  Montana.  Our 
Orthoptera,  Lepidoptera,  Coleoptera  and  Diptera  are  now  fairly  well 
worked  up,  yet  in  all  these  orders,  as  well  as  in  the  other  orders  no: 
mentioned,  we  have  a  large  number  of  specimens  to  be  named  and 
inserted  into  the  reference  collections. 

In  the  discharge  of  the  routine  work  of  the  Entomologist's 
office,  we  are  often  reminded  of  the  necessity  for  a  reasonably  com- 
plete named  collection  of  Montana  insects,  and  we  shall  continue 
t(  collect  and  name  specimens  so  far  as  we  are  able.  We  have  made 
material  additions  to  our  collections  through  exchange  during  the 
past  year. 

Outside  of  the  executive  and  routine  work  of  the  department, 
our  activities  naturally  fall  under  two  heads: 

(i)     Work  conducted  under  funds  other  than  Adams. 

(2)     Work  conducted  under  the  Adams  Fund. 

(i)  Under  funds  other  than  Adams,  the  following  lines  of 
work  are  under  way: 

(a)  A  moth  feeding  in  the  larval  stage  on  the  cones  of  tlic 
so-called  fir  (Pseiidotsuga  muoronata),  which  is  one  of  our  princi- 
pal forest  trees,  has  caused  a  loss  of  a  very  large  proportion  of  the 
seeds  of  these  cones  on  all  trees  that  I  have  had  an  opportunity  to 
study  in  the  mountains  surrounding  this  (Gallatin)  valley.  So  far 
as  I  have  yet  been  able  to  learn,  this  species  is  new  to  science  and 
vnstudied  except  by  this  office.  We  have  been  making  observations 
on  this  species  during  the  past  few  seasons  and  have  the  life-his- 
tory complete  in  outline.  I  hope  to  be  able,  during  the  coming  sea- 
son, to  complete  these  studies  and  prepare  our  notes  for  publication. 

(b)  A  small  chrysomelid  beetle-larva  is  feeding  extensively  on 
the  leaves  of  various  species  of  Populus  from  Bozeman  east,  in  Mon- 
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tana.  In  and  around  Billings  particularly  it  has  been  so  abundant 
tor  several  years  that  many  shade  trees  have  been  robbed  of  their 
beauty  if  not  actually  injured.  We  have  this  insect  under  study  and 
hope  this  coming  season  to  be  able  to  publish  our  results. 

(c)  In  this  same  connectioni  should  mention  that  we  are  grad- 
ually accumulating  extensive  notes  on  the  various  species  of  insects 
that  effect  all  those  trees  belonging  to  the  botanical  genus  Populus. 
Taking  the  state  as  a  whole,  the  various  **poplars"  are  still  our 
main  dependence  for  shade  trees  and  a  considerable  proportion  of  our 
letters  written  in  reply  to  inquiries  from  the  state  deal  with  insects 
en  these  trees.  At  some  future  time  we  shall  be  able  to  submit  a 
manuscript  with  illustrations  dealing  with  some  seventy-five  species 
of  the  insects  of  Populus. 

(d)  A  small  caterpillar  feeding  on  spruce  needles  has  beta 
very  injurious  to  trees  of  this  variety  in  Bozeman  and 
other  parts  of  the  state.  This  species  is  probably  also 
new  to  science.  For  some  five  years  we  have  been  observing  its 
habits  and  think  that  we  can  complete  our  notes  this  coming 
spring  and  summer. 

(e)  Parasites  of  grasshoppers'  eggs.  In  connection  with  our 
studies  on  the  life-history  of  the  spotted  blister-beetle,  Epicauta 
r/taculato  ,  last  season,  we  were  surprised  to  learn  to  what  extent  the 
eg'gs  of  grasshoppers  are  preyed  upon  by  other  species  of  insects. 
"We,  therefore,  undertook  to  study  the  subject  and  are  accumulating 
notes.  We  cannot  tell  how  soon  we  shall  have  mature  results  from 
these  studies,  but  the  subject  is  of  interest  as  more  information  may 
tlirow  some  light  on  the  unsolved  question  of  the  cause  of  the  fluc- 
tuation in  the  abundance  of  native  grasshoppers.  We  expect  to  con- 
tinue these  studies  this  season  as  we  have  opportunity. 

(f)  Cut-worms  on  winter  wheat.  Early  in  October  great  num- 
bers of  an  unidentified  cut-worm  made  their  appearance  in  the  wheat 
fields  of  the  "Flathead  District"  in  the  northern  part  of  the  Gallatia 
Valley.  To  our  certain  knowledge,  many  hundreds  of  acres  are 
more  or  less  affected  and  in  some  cases  the  grain  has  been  com- 
pletely eaten  off.  Specimens  were  at  once  put  in  cages  in  the  gree.i- 
house  and  we  shall  later  be  able  to  name  the  species  from  the  adult 
moths  when  they  appear.  It  will  be  necessary  for  us  to  make  some 
study  of  the  matter  next  spring  and,  so  far  as  possible,  aid  the 
farmers  to  protect  their  grain. 
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Aside  from  the  above  very  definite  lines  of  work,  much  time  is 
necessarily  spent  in  the  routine  of  the  department.  We  are  often 
called  upon  for  various  forms  of  assistance  and  a  single  letter  of 
inquiry  may  occasion  much  work.  We  like  to  encourage  such  in- 
quiry for  we  are  thereby  aided  in  knowing  the  need  of  the  state. 

(2)  Under  the  Adams  Fund  we  have  undertaken  the  study  0: 
the  insect  pests  affecting  the  sugar  beet  in  Montana.  We  began  the 
work  without  much  knowledge  of  what  insects  would  be  found 
other  than  a  considerable  number  of  widely  distributed  species 
known  to  feed  on  this  plant,  but  we  have  found  a  large  number  a: 
work,  both  of  native  and  introduced  species.  While  in  general  the 
work  thus  far  has  been  of  a  preliminary  nature,  we  have  made  con- 
siderable progress  in  a  knowledge  of  several  species  and  already  we 
have  a  large  number  of  photographs  and  also  much  study  material 
from  which  to  make  drawings  as  well  as  many  notes.  To  a  very 
gratifying  extent,  we  have  found  beet  growers  ready  and  willing  tc 
co-operate  with  us  in  this  work,  a  fact  which  has  helped  us  much 
toward  getting  results. 

We  have  had  two  rather  serious  Hindrances  to  our  work.  Tl;e 
building  of  a  greenhouse  last  summer  delayed  the  work,  as  it  was 
necessary  to  have  the  workmen  about  the  insectary  practically  all 
summer.  A  more  serious  difficulty  was  found  in  the  extreme  dr)*- 
ness  of  the  atmosphere  in  the  insectary,  which  made  it  difficult  to 
keep  some  delicate  forms  alive  long  enough  for  us  to  complete  our 
studies.  We  have  purchased  a  recording  hygrometer  and  during 
the  coming  season  shall  try  to  keep  up  the  humidity  by  the  addition 
of  moisture. 

In  pursuing  this  line  of  work,  we  found  it  necessary  to  make 
extensive  search  of  the  literature  of  the  subject,  and  since  the  in- 
sects of  sugar  beets  are  scattered  through  a  large  number  of  orders 
and  also  since  many  of  them  are  of  old  world  origin,  the  search  of  the 
literature  of  the  subject  necessitates  an  examination  of  a  very  large 
number  of  books.  Before  this  work  can  be  completed  it  will  be 
necessary  to  either  secure  many  books  for  our  library  or  visit  one 
or  two  of  the  larger  libraries  of  entomology  in  the  East. 

On  the  whole,  the  year's  progress  has  been  satisfactory,  but  we 
feel  that  the  next  year  will  produce  more  extensive  results  prina* 
pally  because  of  the  fact  that  the  work  is  now  well  under  way. 
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APPOINTMENT  OF  ASSISTANT  BOTANIST. 

Mr.  Dean  B.  Swingle  having  been  previously  appointed  as  As- 
sistant Botanist,  took  up  his  duties  on  August  21,  (1906)  and  since 
that  time  has  devoted  one-half  of  his  time  to  experiment  station,  thj 
Other  half  being  occupied  by  the  college,  Mr.  Swingle  graduated 
from  the  Kansas  Agricultural  College  in  1900  and  went  from  there 
to  the  University  of  Wisconsin^  where  he  took  his  M.  S.  degree  in 
1901.  He  then  accepted  a  position  in  the  Bureau  of  Plant  Industry 
U.  S.  Department  of  Agriculture,  as  assistant  in  pathology,  under 
Dr.  Erwin  F.  Smith.  In  this  position  he  continued  until  he  came  to 
this  institution,  except  for  a  leave  of  absence  of  one  collegiate  year 
in  1903-19D4,  when  he  again  was  engaged  in  study  in  the  University 
of  Wisconsin.  In  his  studies  he  has  paid  particular  attention  to 
the  physiology  of  plants,  plant  pathology  and  to  bacteriology,  and 
we  believe  him  to  be  particularly  well  qualified  for  the  duties  he  is 
to  perform  in  Montana. 

Being  a  new  man  in  this  institution  and  state,  Professor  Swin- 
gle has  necessarily  been  occupied  to  a.  considerable  extent  in  be- 
coming familiar  with  the  conditions  and  needs  that  prevail  in  Mon- 
tana's agriculture.  For  some  years  there  has  been  a  great  need  for 
study  of  an  obscure  group  of  troubles  or  diseases  on  fruit  trees. 
The  death  of  many  trees  has  remained  unexplained  and  there  seems 
to  be  an  opportunity  to  save  much  property  to  the  fruit  growers  of 
the  state.  It  is  intended  during  the  year  to  take  up  this  line  of 
study. 

Professor  Swingle  has  been  of  considerable  service  to  the  medi- 
cal profession  of  the  state  and  to  the  public  in  making  bacteriological 
tests  and  determinations.  Among  these  have  been  tests  to  deter- 
mine the  presence  or  absence  of  tuberculosis,  diptheria  and  typhoid 
fever  germs. 
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CHEMISTRY  DEPARTMENT. 

V.  K.  CHESNUT,  Chemist, 

During  the  fiscal  year  ended  November  30,  1906.  289  samples 
of  various  sorts,  with  an  average  of  three  determinations  for  each, 
were  analyzed.  Of  these  analyses  142  were  of  sugar  beets.  65  of 
soils,  27  of  meats,  19  of  minerals  of  economic  importance  and  16  of 
vinegars,  the  remainder  being  analyses  of  coal,  water  and  various 
miscellaneous  materials.  A  number  of  other  substances  were  sub- 
mitted for  analysis  but  the  requests  had  to  be  denied,  either  imi  ac- 
count of  improper  sampling,  or  because  of  the  fact  that  the  results 
would  have  been  merely  for  private  use. 

80IL8. 

Much  of  the  soil  work  was  in  co-operation  with  the  Agronomist 
of  this  station,  the  object  in  view  being  to  determine  the  effect  of 
different  methods  of  soil  management  on  soil  fertility.  This  work 
will  have  to  be  repeated  for  a  number  of  years  before  sat;sfactor}' 
conclusions  can  be  deduced  therefrom. 

Analysis  of  a  soil  sample  representing  a  large  area  of  barren 
land  near  Miles  City,  showed  that  it  contained  over  half  of  a  per 
cent  of  black  alkali.  This  land  is  very  evidently  in  need  of  better 
drainage  or  a  treatment  with  gypsum.  There  are  Inr^r  deposits  of 
this  mineral  in  different  parts  of  the  state,  and  it  is  believed  that  if 
drainage  cannot  be  economically  accomplished  on  these  areas,  the 
use  of  gypsum,  as  suggested  by  Prof.  E.  W.  Hilgard  of  the  California 
station,  would  be  very  profitable. 

POI8ON8. 

One  sample  of  poisoned  meat  and  one  plant  were  submitted  fo* 
analysis.  The  meat  contained  arsenic  mixed  with  glass,  and  was 
thrown  out  with  the  intention  of  poisoning  a  valuable  dog.  Tiit 
plant  proved  to  be  a  sample  of  the  false  California  Hellebore,  Ver- 
atrum  calif ornicum.  The  roots  of  two  or  three  of  these  plants  were 
eaten  by  mistake  for  *Vild  rhubarb"  by  two  men  with  nearly  fatal 
results. 
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LOCOED  SHEEP. 

Owing  to  lack  of  funds  the  experiment  of  drenching  anc  then 
frttening  so-called  locoed  sheep  which  met  with  good  results  on  a 
small  scale  in  1903-4,  had  to  be  discontinued  in  1904-5.  In  Novem- 
ber of  this  year,  however,  a  carload  of  locoes  was  purchased,  and 
the  feeding  experiment  is  now  being  carried  on  at  Bozeman.  Some 
of  the  animals,  which  are  now  rapidly  putting  on  flesh,  will  be  sent 
out  again  on  the  range  in  order  to  determine  whether  or  not  they  will 
again  succumb  to  the  disease.  This  phase  of  the  question  is  of  very 
great  practical  importance,  not  only  on  account  of  the  loss  of  sheep 
entailed,  but*  because  the  sheep  lost  represent  the  young  animals 
from  which  the  normal  increase  is  generally  expected. 

FOOD   POISONING. 

Occasional  cases  of  the  poisoning  of  people  by  canned  sea  food 
show  that  it  is  desirable  in  the  near  future  to  test  some  of  these 
goods  for  ptomaine  poisons.  This  is  especially  emphasized  b}*^  the 
fact  that  it  is  a  practice  with  some  unscrupulous  canners  to  recan 
any  fish  that  have  begun  to  spoil,  and  then  to  sell  this  material  to 
ignorant  dealers  as  "Do-overs."  The  practice  is  nothing  less  than 
criminal  and  should  be  stopped  by  law. 

MINERALS   AND    ROCKS   OF    ECONOMIC    IMPORTANCE. 

Two  samples  of  gypsum,  representing  deposits  new  to  Mon- 
tana, were  submitted  for  analysis.  Both  of  these  deposits  are  of 
large  extent,  and  are  of  value  not  only  for  a  superior  kind  of  plaster 
but  as  a  fertilizer  for  alkaline  soils. 

Samples  of  volcanic  ash  were  received  from  two  or  three  new 
localities  in  the  state.  Analysis  shows  this  ash  to  be  comparatively 
rich  in  potash,  so  that  it  may  be  considered  as  a  future  source  of 
rock  fertilizer.  The  ash  also  promises  to  be  of  service  in  the  manu- 
lacture  of  a  cheap  cement  for  lining  irrigation  ditches,  as  well  as  for 
general  scouring  purposes.  The  crude  material  was  found  to  be 
present  in  large  quantity  in  the  so-called  "Dutch  Cleanser,"  which 
is  now  being  generally  sold  in  the  Montana  market  at  comparative!)'^ 
fancy  prices.  The  native  product  compares  favorably  with  the  im- 
ported material  in  abrasive  action. 

One  sample  of  shale  obtained  near  Livingston  was  analyzed  to 
see  if  it  could  be  used  for  the  manufacture  of  Portland  cement.     The 
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analysis  of  this  deposit,  which  is  of  large  extent,  gave  the  following 

results,  viz : 

H2  o.  .85%;     Si  O2  67.83;     Fe2  O3  3.98;    AI2  O3  17.43;    Ca 
O.  1.66;  Mg.  O.  1.71;  Na2  o.  5.56;  K2  O.  1. 15. 

WATER. 

There  is  no  part  of  the  work  of  station  chemistry  whicli  is  of 
more  importance  to  the  public  in  general  than  the  analysis  of  public 
water  supplies  and  the  station  has  always  considered  it  a  privilege 
and  a  duty  to  analyze  samples  of  water  used  by  our  public  institu- 
tions. One  such  sample,  submitted  by  the  matron  of  the  Orphan's 
Home  at  Twin  Bridges,  received  careful  consideration.  Analysis 
showed  it  to  be  altogether  unfit  for  continuous  consumption  and  on 
the  strength  of  our  work  a  successful  demand  was  made  for  a  bet- 
ter supply.  An  analysis  of  the  Bozeman  city  water  showed  it  to 
be  remarkably  free  from  sewage  and  other  objectionable  organi: 
matter. 

The  state  of  Montana  is  still  without  any  special  food  control 
law  other  than  the  one  under  the  state  Veterinarian  calling  for  meat 
and  milk  inspection.  In  this  respect  it  is  one  of  the  very  few  states 
that  does  not  grant  adequate  protection  to  its  citizens,  and  it  is, 
therefore,  the  recipient  of  a  very  full  measure  of  worthless,  or  poor 
grade,  stock  which  is  colored,  flavored  or  embalmed  so  as  to  simulate 
the  genuine  and  more  wholesome  article.  The  great  extent  of  fraud 
committed  in  the  state  calls  for  immediate  investigation. 

MEATS  AND  VINEGARS. 

The  general  police  and  analytical  work  required  for  proper 
food  control  is  not  a  part  of  the  duty  of  the  state  experiment  sta- 
tion which  is  largely  supplied  with  funds  from  the  United  States 
government,  but  in  order  to  help  protect  our  agricultural  interests, 
the  work  of  the  past  year  in  analyzing  meats  and  vinegars  has  been 
continued.  A  full  report  on  the  analyses  will  soon  be  ready  for  the 
press. 
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SUGAR  BEETS. 

The  first  beet  sugar  factory  in  Montana  was  erected  during  the 

past  year  at  Billings  at  a  cost  of  about  $1,000,000.    The  plant  was 

completed  in  time  to  handle  the     crop    of     1906.      8,000    tons    of 
sugar  were  produced,  and  as  a  result,  Billings  is     now     rejoicing 

over  her  increasing  population  and  land  values,  her  increasing  dairy 

herds  and  facilities  for  stock  feeding  and,  in  general,  her  greater 

business  and  commercial  prosperity. 

Other  districts  throughout  the  state  are  now  busily  looking  into 
their  chances  of  getting  a  sugar  factory,  and  the  demand  for  seed 
and  for  testing  beets  is  steadily  increasing. 

Seed  was  sent  out  during  the  year  to  over  three  hundred  farm- 
ers in  twenty-five  different  counties  of  the  state,  but  the  counties 
taking  the  most  lively  interest  and  from  which  the  most  valuable 
returns  were  received  were  the  following,  viz.; — Gallatin,  Missoula, 
Cascade,  Qioteau,  Fergus,  Madison  and  Ravalli.  Reports  on  each 
of  the  several  districts  have  not  yet  been  summarized,  but  they  will 
be  included  in  a  bulletin  which  is  to  be  issued  during  the  present 
year.  The  greatest  progress  toward  securing  another  factory  was 
made  by  Gallatin  county.  It  may,  therefore,  be  of  interest  to  ex- 
amine the  following  table,  showing  the  results  of  our  analysis  of 
thirty-nine  samples  of  beets  raised  in  this  valley.  It  is  given  here 
without  comment  as  follows: 
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REPORT    OF   ANALYSIS     OP      SAMPLES     OF     SUGAR      BEETS      FROM 

GALLATIN  COUNTY. 
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3346.  T.  S.  Kirk,  Bozeman 

3347.  T.  S.  Kirk,  Bozeman 

3349.     G.  M.  Lewis.  Manhattan 

3358.     T.  S.  Kirk,  Bozeman 

3380.    J.  P.  Nash,  Bozeman , 

3394.  J.  E.  Shipman,  Bozemam 

3395.  J.  E.  Shipman,  Bozeman 

3396.  E.  Broox  Martin.  Bozeman 

3397.  El.  Broox  Martin,  Bozeman 

3399.  T.  S.  Kirk,  Bozeman 

3400.  E.  D.  Ferguson,  Bozeman 

3401.  E.  D.  Ferguson,  Bozeman 

3402.  E.  D.  Ferguson.  Bozeman 

3403.  Experiment  Station.  Bozeman 

3404.  Experiment  Station,  Bozeman 

3405.  EhLperlment  Station,  Bozeman 

3406.  Experiment  Station,  Bozeman 
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As  a  matter  of  further  interest  to  the  Gallatin  Valley  farmer, 
I  also  include  a  report,  compiled  by  Prof.  Burke,  meteorlogist  of 
this  station,  giving  the  minimum  temperature,  during  the  last 
twenty-six  years,  for  th-e  month  of  October: 
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SUGAR  BEET  8EED. 

The  work  of  the  two  previous  years  in  testing  beet  seed  raised 
in  America  in  comparison  with  strains  of  seed  raised  abroad  and 
shipped  to  America,  has  been  continued.  Seed  of  the  Breustedt 
type,  shipped  direct  from  the  growers  in  Germany,  were  sent  to 
different  parts  of  the  state  and  they  were  grown,  in  many  instances, 
side  by  side  with  the  American  seed  grown  under  the  supervision  of 
the  United  States  Department  of  Agriculture  by  H.  E.  Morrison  of 
Fairfield,  Washington.  That  the  good  character  of  the  govern- 
ment seed,  as  given  in  my  last  annual  report,  has  again  been  sus- 
tained, is  shown  by  a  comparison  of  the  following  figures,  viz: 

Table  Showing  Comparative  Reaults  From  European  and  American  beet  eeed 
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MorriBon'e  Qovemment  Seed 

Breustedt's  Neuere  Zucht  No.  3086.. 
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sugar  Beet  Committee  
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Knauer's  Mangold  No.  3080 
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14.4 

80.3 

4 

16.3 

16.6 

82.6 

37 

16.3 

16.48 

83.7 

3 

14.8 

14.1 

82.0 

3 

17.2 

16.3 

86.4 

2 

18.4 

17.6 
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The  results  of  the  two  preceding  years  and  the  general  excel- 
lence of  Montana  beets,  taken  into  consideration  together  with  the 
great  advantages  which  certain  parts  of  the  state  seem  to  offer  to 
a  new  seed  industry,  have  lead  to  a  co-operative  investigation  with 
the  Bureau  of  Plant  Industry  of  the  U.  S.  Department  of  Agricu! 
ture  the  object  of  which  is  to  see  if  we  can  not  produce  beei:  seed  in 
this  state  which  will  be  more  suitable  to  our  local  conditions,  espec- 
ially for  dry  land  farming,  than  is  the  European  seed.  Expensive 
apparatus  has  been  procured  from  Germany  and  a  small  number  of 
beets,  carefully  selected  from  last  year's  crop,  were  siloed  to  keep 
them  in  a  good,  vigorous  sprouting  condition  until  next  spring  when 
each  beet  will  be  separately  analyzed,  tagged  and  planted,  so  that  the 
history  of  each  individual  may  be  traced  to  the  seed. 


METEROLOQICAL  DIVISION. 
EDMUND  BURKE,  MeterologUt- 

The  Eleventh  and  Twelfth  Annual  Reports  of  this  Station  con- 
tain a  monthly  and  yearly  summary  of  temperature,  precipi  ration, 
character  of  day,  and  prevailing  wind  direction  from  November,  1903 
to  October,  1905  inclusive.  The  Twelfth  Annual  Report  defines  the 
location  and  gives  a  description  of  the  meterolog^cal  apparatus  used. 

During  the  past  year  a  record  has  been  kept  of  the  temperature, 
precipitation,  humidity,  soil  temperatures,  wind  velocity,  wind  di- 
rection, hours  sunshine,  and  character  of  day. 

This  Station  has  no  complete  meteorological  data  dating  back- 
further  than  January  i,  1900.  It  has  been  thought  best  to  give  in 
this  report  a  monthly  and  yearly  summary  like,  and  including  those 
i>i  the  Eleventh  and  Twelfth  Annual  Reports  from  January  i,  1900 
to  December  31,  1906. 


ANNUAL  REPORT. 


139^ 


TABLE    I— WEATHER    RECORD.     SUMMARY  BY  MONTHS. 
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TABLE    II.     WEATHER    RECORD^SUMMART    BY    MONTHS. 
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TABLE  IV— WEATHER  RECORD 


Years 


Highest  Temperature 
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Greatest  range  for  the  year 
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Highest  dally  mean 

Lowest  daily  mean 

Mean  temperature  for  the  year 
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TABLE    III.     WEATHER    RECORD.— SUMMARY    BT    MONTHS.        (COnt) 
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3 

sw. 

SID 
SB. 
SB. 
NW. 
NW. 
SEJ. 

NB. 
SB. 
SB 
SW. 

SB. 


SUMMARY  BY  YBARS 


1902 

1903 

1904 

1905 

1906 

86  July  13  ic,  21 

91.  Aug  19 

89  Aug.  14 

91  Aug.  24 

92  Aug.  16 

— 28  Jan.  26 

—23  Nov.  17 

—20   Btor.    2o 

—38  Feb.  11 

—22  Mar.  15 

114 

114 

109 

124 

114 

61.4  Aug. 

63.1  Aug. 

63.6  Aug. 

64.3  Aug. 

6.64  July 

20.2  Jan. 

18.3  Feb. 

22.4  Feb. 

16.8  Feb. 

22.0  Mat. 

73.5  Aug.  25 

78.5  Aug.   15 

71.5  Aug.  14 

75  Aug.  24 

75.5  July  22 

—17.5  Jan  25. 

—11  Nov.  17 

—7.5  Mar.  25 

—24.5  Feb.  11 

—11  Mar.  15 

41.8 

40.8 

42.2 

40.8 

41.77 

3.90  May 

3.42  April 

2.98  March 

3.23  Mav 

3.39    June 

.20  Oct. 

.33  Feb. 

.06  Sept. 

.23  Jan. 

.43  Dec. 

15.64 

17.91 

16.46 

13.99 

18.67 

42.7 

68.6 

68.5 

41.7 

48.8 

Sept  6 

Sept  11 

Sept.  13 

Sept.  18 

Sept  12 

Jime  20 

May  24 

June  25 

May  12 

June   8 

98 

110 

104 

95 

»4 

66 

64 

30 

46 

44 

201 

201 

232 

224 

227 

87 

86 

85 

85 

100 
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HORTICULTURAL  DEPARTMENT. 

R.  W.  FISHER,  Horticulturist. 

From  the  Horticultural  Department  the  following  report  is 
presented,  giving  the  results  of  work  carried  on  during  the  year 
that  may  be  of  immediate  value  to  the  people  of  the  state.  Observa- 
tions along  these  lines  will  be  continued  and  the  results  of  several 
gears'  tests  averaged  and  presented  together. 

THINNING   FRUIT. 

In  order  to  determine  the  relative  value  of  thinning  the  fruit 
on  apple  trees,  it  is  necessary  to  thin  the  fruit  on  a  given  number 
of  trees  and  leave  other  trees,  growing  under  the  same  conditions, 
unthinned.  Because  of  a  uniformily  light  crop  of  apples  throughout 
the  Bitter  Root  Valley  this  year,  it  was  hard  to  find  an  orchard  in 
which  there  were  sufficient  number  of  well  loaded  trees  to  carry 
on  the  work.  Experiments,  however,  were  conducted  in  the  or- 
chards of  Mr.  D.  C.  Bass  near  Stevensville  and  Mr.  Heurv  Buck  of 
Stevensville.  We  determined  the  relative  cost  of  thinning  but  the 
results  did  not  show  a  very  material  increase  in  the  size  of  the  ap- 
ples, no  doubt,  because  of  the  fact  that  none  of  the  trees  in  cither 
orchard  were  carrying  a  very  heavy  crop.  In  the  orchard  of  Mr. 
Buck  the  cost  of  thinning  the  fruit  on  Wealthy  trees,  12  years  old 
and  from  3^  to  4J/2  inches  in  diameter  and  12  to  20  feet  in  heighth, 
was  21-3  cents  per  tree,  or  $2.52  per  acre.  As  previously  stated  the 
trees  were  not  very  heavily  loaded,  thus  explaining  the  comparative- 
ly small  cost  in  thinning.  When  the  apples  were  harvested  there 
was  apparently  no  difference  in  the  size  or  color  of  the  fruit  from 
thinned  and  unthinned  trees. 

The  cost  of  thinning  the  fruit  in  the  orchard  of  Mr.  Bass  was 
4  2-3  cents  per  tree,  or  $5.40  per  acre.  The  trees  in  this  orchard 
v^ere  larger  and  were  producing  a  heavier  crop  than  the  trees  in  Mr. 
Buck's  orchard.  As  nearly  as  can  be  determined,  the  thinning  m 
this  orchard  increased  the  size  about  10  per  cent  and  on  trees  very 
heavily  loaded  the  thinning  made  the  fruit  of  a  marketable  size, 
where  otherwise  it  would  have  been  too  small. 
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The  Wealthy  is  characterized  by  producing  very  large  crops, 
and  unless  the  fruit  is  thinned,  a  large  percentage  is  often  too 
small  for  market. 

Thinning  also  has  the  beneficial  effect  of  preventing  the  trees 
from  breaking  down  as  a  result  of  over  bearing.  While  we  have 
been  unnable  to  get  accurate  data  in  regard  to  the  beneficial  eflFects  of 
thinning,  yet  the  experiments  indicate  that  the  percentage  of  market- 
able apples  can  be  materially  increased  by  thorough  thinning  and 
that  the  trees  can,  to  a  certain  extent,  be  prevented  from  breaking 
down.  The  experiments  thus  far  conducted  also  indicate  that  the 
fruit  should  be  thinned  as  early  in  the  spring  as  danger  from  frosts 
is  over.  In  this  connection  the  experience  of  Mr.  Fred  Whiteside 
of  Kalispell  in  thinning  fruit  is  of  interest  to  fruit  growers.  Mr. 
Whiteside  has  found  that  after  a  large  proportion  of  the  fruits  on 
Wealthy,  Wagoner  and  other  varieties  had  been  picked  off,  early  in 
the  season,  about  the  time  the  fruit  is  well  formed  and  the  size  of  a 
hazelnut,  the  apples  on  the  thinned  trees,  at  the  time  of  harvesting 
would  equal  and  in  some  instances  exceed  in  weight  the  apples  on 
unthinned  trees  with  not  more  than  1-2  to  3-4  as  many  fruits. 

The  experiments  thus  far  conducted  by  this  department  and 
from  experience  of  fruit  growers  throughout  the  state,  point  to  the 
following  conclusions : 

1st.  It  pays  to  thin  the  apples  on  trees  which  are  heavily 
loaded.  » 

2d.  Thinning  increases  the  size  without  decreasing  the  total 
weight. 

4d.  Thinning  often  prevents  limbs  from  breaking  down,  by 
.distributing  the  fruit  over  the  tree. 

4th.  Thinning  should  be  done  early  in  the  season,  before  the 
fruit  has  started  to  grow  and  the  seeds  have  formed.  The  ex- 
perience of  many  successful  fruit  growers  has  determined  that 
it  is  best  to  thin  when  danger  of  severe  frosts  has  passed  and  before 
the  fruit  has  grown  larger  than  a  hazel-nut.  To  make  the  results 
more  effective,  however,  thinning  should  be  done  more  or  less 
throughout  the  growing  season. 
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VARIETY  AND  CULTURAL  TESTS  WITH  VEGETABLES. 

Montana  imports  an  enormous  quantity  of  vegetables  which 
could  as  well  be  grown  by  the  farmers  of  Montana.  Several  years 
ago  this  department  started  tests  of  the  commercial  varieties  of 
common  garden  vegetables  in  order  to  ascertain  the  varieties  best 
adapted  to  our  conditions  and  the  methods  best  to  persue  in  grow- 
ing.    In  this  report  results  for  year  ending  Nov.  30,  1906,  aTe  given. 


TABLE  I— DATES  OF  PICKING  AND 


Variety 


First  Picking 


Date       Wt. 


Sec.  Picking 


Date       Wt 


Third  Picking 


Date       Wt. 


Keeny's  Rustless  Golden  Wax 

The  Goddard 

Ijong  Yellow  Six  Weeks   

Early   Red   Valentine    

Perfection  Wax 

Best  of  All    

E3arly  Mohawk    

Golden  Wax 

Davis  Dwdrf  White  Wax 

Golden  Eyed  Wax   

Longfellow 

Davis    Wax    

Brittle  Wax 

Dwarf  German  Black  Wax. . . 

White  Seeded  Wax 

Etxtra    Elarly    Refugee    

Crystal   White   Wax    

Ward  well's  Kidney  Wax 

Early  Great  Northern    

Early  Navy 

Currie's  Rust-proof  Gld'n  wax 

New   Giant   Stringless    

Large    White    Kidney    

Black  Valentine   

Cream  Valentine   

Imp'd.  Rust-proof  Golden  wax 

Bountiful   

China  Red  E^ye 

Dwarf  Horticultural    

Early   Warwick    

Red  Valentine   

White   Marrow    

Black  Wax    

New    Stringless    

Flageolet    

Pencil  Pod   

German  Wax    

Golden   Wax    

Valentine  Wax   

Jones  Stringless 

Round    Yellow    Six    Weeks . . 
White  Marrowfat 


Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 


4  oz. 
20  oz. 
32  oz. 

7  oz. 
14  oz. 

7  oz. 


7 
7 
4 
4 
4 
4i 

4:  19  oz. 
41  24  oz. 
6  oz. 

6  oz. 

16  oz. 

17  oz. 
4}  9  oz. 
i\  19  oz. 
41  5  oz. 
4!  15  oz. 

2  oz. 

21  oz. 

7  oz. 
5  oz. 

22  oz. 
4  oz. 
7  oz. 

16  oz. 
10  oz. 

23  oz. 
38  oz. 
26  oz. 

24  oz. 
42  oz. 
14  oz. 

2  oz. 

7  oz. 
41  18  oz. 
41  24  oz. 
4|    .5   02L 

41  10  oz. 

4!    8  oz. 

4;  24  oz. 

?!    2  oz. 

M  10  oz. 

7|    2  oz. 


41 

7 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


Aug. 

21 

Aug. 

21 

Aug. 

17 

Aug. 

17 

Aug. 

17 

Aug. 

17 

Aug. 

17 

Aug. 

17 

Aug. 

17 

Aug. 

17 

Aug. 

17 

Aug. 

17 

Aug. 

17 

Aug. 

17 

Aug. 

17 

Aug. 

17 

Aug. 

24 

Aug. 

17 

Aug. 

17 

Aug. 

21 

Aug. 

17 

Aug. 

17 

Aug. 

17 

Aug. 

17 

Aug. 

17 

Aug. 

17 

Aug. 

17 

Aus. 

17 

Aug. 

17 

Aug. 

17 

Aug. 

17 

Aug. 

17 

Aug. 

17 

Aug. 

17 

Aug. 

17 

Aug. 

17 

Aug. 

17 

Aug. 

17 

Aug. 

17 

Aug. 

21 

Aug. 

17 

Aug. 

21 

16  oz. 
32  oz. 
34  oz. 
22  oz. 
21  oz. 

15  oz. 
11  oz. 

17  oz. 

8  oz. 

16  oz. 
24  oz. 
14  oz. 

9  oz. 
9  oz. 

18  oz. 
16  oz. 

9  oz 


Aug.  30 
Aug.  30 
Aug.  21 
Aug.  21 
Aug.  21 
Aug.  21 
Aug.  21 
Aug.  21 
Aug.  24 
Aug.  24 
Aug.  24 
Aug.  24 
Aug.  24 
Aug.  24 
Aug.  24 
Aug.  24 
Aug.  30 


9  oz.  Aug.  241 

6  oz.  Aug.  21 

12  oz.  Aug.  30 

8  oz.  Aug.  21 
3  oz.  Aug.  21 

7  oz.  Aug.  21 
6  oz.  Aug.  21 

17  oz.  Aug.  21 

8  oz.  Aug.  21 
11  oz.  Aug.  21 

6  oz.  Aug.  21 

10  oz.  Aug.  21 

13  oz.  Aug.  21 
16  oz.  Aug.  21 

7  oz.  Aug.  21 

11  oz.  Aug.  21 

9  oz.  Aug.  21 
21  oz.  Aug.  21 
11  oz.  Aug.  21 

9  oz.  Aug.  21 
10  oz.  Aug.  21 

6  oz.  Aug.  21 
10  oz.  Aug.  30 
21  oz.  Aug.  21 

14  oz.  Aug.  30 


9 
5 


16  oz. 
20  oz. 
16  oz. 
16  oz. 

10  or 
9  oz. 

13  oz. 

13  oz. 

8  07. 

14  oz. 

11  oz. 
16  oz. 

8   07. 

12  oz. 
22  oz 
14  02. 

7  oz. 

9  oz. 
5  oz. 

oz. 
oz. 

2  oz. 

7  oz. 

5  oz. 

12  oz 

10  oz. 

8  oz. 

6  ox. 

3  oz. 

2  oz. 

13  oz. 

9  '>«. 

3  ox 
2  oz 
6  iiz. 
6  oz. 

4  w. 
22  oz. 

6  oz. 

13  oz. 

22  oz. 

11  ox. 


■! 
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BEANS. 

In  the  following  table  the  varieties  grown,  the  yield  of  each 
variety  and  date  of  picking  are  given,  with  the  total  weight  picked, 
and  notes  on  the  quality  of  each  variety.  In  this  test  (lo)  ten  feet 
CI  each  variety  were  taken.  The  plants  were  about  4  inches  apart 
in  the  row,  thus  making  approximately  (30)  thirty  plants  of  each 
variety  tested. 


WEaOHT  OF  CROP  OF  BEANS  FOR  SEASON  OF  1906 


Fourth    Picking 


Date 


Sept.  19 

Sept.  19 

Aug.  30 

Aug.  30 

Aug.  30 

Aug.  30 

Aug.  30 

Aug.  30 

Aug.  30 

Aug.  30 

Aug.  30 

Aug.  30 

Aug.  30 

Aug.  30 

Aug.  30 

Aug.  30 

Sept.  19 

Aug.  30 

Aug.  30 

Sept.  19 

Aug.  30 

Aug.  30 

Aug.  30 

Aug.  30 

Aug.  30 

Aug.  30 

Aug.  30 

Aug.  30 

Aug.  30 

Aug.  30 

Aug.  30 

Aug.  30 

Aug.  30 

Aug.  30 

Aug.  30 

Aug.  30 

Aug.  30 

Aug.  30 

Aug.  30 

Sept  19 

Aug.  30 

Sept  19 


Wt 


Fifth  Picking 


Date 


Wt 


|5 


52  oz. 

44  oz. 

8  oz. 

6  oz. 

5  oz. 
13  oz. 
11  oz. 
25  oz. 

6  oz. 
6  oz. 
8  oz. 
8  oz. 
4  oz. 
6  oz. 
6  oz. 

13  oz. 

64  oz. 

4  oz. 

8  oz. 

32  oz.) 

6  oz. 


5 
6 
6 
7 
7 
4 
5 
6 
5 


oz. 
oz. 
oz. 
oz. 
oz. 
oz. 
oz. 
oz. 
oz. 


8  oz. 
20  oz. 

9  oz. 

3  oz. 

8  oz. 
5  oz. 

4  oz. 
4  oz. 

9  oz. 
64  oz. 

|13  oz. 
|60  oz. 


Sept 

19 

Sept 

19 

Sept 

19 

Sept 

19 

Sept. 

19 

Sept. 

19 

Sept 

19 

Sept 

19 

Sept 

19 

Sept 

19 

Sept 

19 

Sept 

19 

Sept. 

19 

Sept 

19 

Sept 

19 

Sept. 

19 

Sept 

19 

Sept. 

19 

Sept 

19 

Sept 

19 

Sept. 

19 

Sept 

19 

Sept. 

19 

Sept. 

19 

Sept. 

19 

Sept 

19 

Sept 

19 

Sept. 

19 

Sept. 

19 

Sept. 

19 

Sept. 

19 

Sept 

19 

Sept. 

19 

Sept. 

19 

Sept 

19 

Sept. 

19 

Sept. 

19 

Sept. 

19 

Sept. 

19 

Ck>lor  of  Pod 


37 


32  oz. 
44  oz. 
48  oz. 
40  oz. 
56  oz. 
1-30Z. 
28  oz. 
32  oz. 
40  oz. 

28  oz. 

14  oz. 
24  oz. 
16  oz. 
40  oz. 
24  oz. 
24  oz. 

30  oz. 

6  oz. 

31  oz. 
38  oz. 
19  oz. 
48  oz. 

32  oz. 
16  oz. 

15  oz. 
6  oz. 
6  oz. 

37  oz. 

56  oz. 

29  oz. 
9  oz. 

22  oz. 
8  oz. 

16  oz. 
13  oz. 
15  oz. 

• 

44  oz. 


88 

Yellow 

Good 

116 

Green 

Fair 

122 

Green 

Very  Good 

95 

Green 

Good 

08 

Cream 

Good 

84 

Green  Spotted 

Fair 

110 

Green 

Fair 

116 

Golden 

Good 

56 

Oream< 

Fair 

74 

Cream 

Poor,  Stringy 

99 

Green 

Very  Good 

85 

Golden 

Fair 

44 

Golden 

Good 

70 

Golden 

Good 

67 

Cream 

Good 

98 

Green 

Good 

82 

Green 

Good 

67 

Golden 

Good 

56 

Golden 

Poor,  Stringy 

58 

Green 

Poor,  Stringy 

47 

Golden 

Fair 

45 

Green 

Good 

65 

Green 

Poor,  Stringy 

52 

'     Green 

Good 

94 

Green 

Good 

80 

Golden 

Good 

77 

Green 

Poor,  Stringy 

53 

Green 

Fair 

49 

Green  Spotted 

Fair 

68 

Green 

Poor,  Stringy 

88 

Green 

Good 

94 

Green 

Good 

59 

Cream 

Good 

41 

Green 

Good 

81 

Golden 

Good 

35 

Cream 

Good 

43 

Golden 

Good 

57 

Golden 

Good 

60 

Cream 

Very  Good 

89 

Qteen 

Fair 

no 

Green 

Good 

S7 

Green 

Fair 

Quality 
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From  fhe  table  it  may  be  seen  that  Long  Yellow  Six 
Weeks,  the  Goddard,  Early,  Mohawk  and  Golden  Wax  produced 
comparatively  the  largest-  yields  of  snap  beans.  The  varieties  of 
best  quality  of  the  green  snap  beans,  regardless  of  yield,  were, — 
Long  Yellow  Six  Weeks  and  Longfellow;  of  the  Yellow  or  wax 
snap  beans  the  Valentine  wax  and  the  Keeny's  Rustless  Golden 
wax  were  best  in  quality.  The  Early  Warwick  was  the  earliest 
variety  tested,  producing  the  first  snap  beans. 

The'  following  varieties  did  not  mature  seeds: — Early  Great 
Northern,  White  Navy,  Crystal  White,  White  Seeded  wax,  Bur- 
pee's Perfection  wax,  Keeny's  Rustless  Golden  wax,  White  Mar- 
row fat  and  Jones  Stringless. 

CABBAGE. 

The  following  varieties  of  cabbages  were  grown  in  the  experi- 
mental garden  to  determine  the  largest  yielding  varieties  and  the 
ones  best  adapted  for  commercial  purposes. 

The  seed  was  planted  in  flats  in  the  greenhouse  April  20th 
and  the  plants  transplanted  into  the  open  ground  June  ist.  All 
varieties  were  planted  2x3  feet  apart,  or  at  the  rate  7260  plants  per 
acre. 

The  following  table  gives  the  percent  of  each  variety  forming 
heads,  the  average  weight  of  the  heads  of  each  variety  and  the  yield 
per  acre ;  computed  by  multiplying  the  average  weight  per  head  by 
the  number  of  plants  per  acre. 

About  1-72  of  an  acre  of  each  variety  was  grown.  The  notes 
indicate  the  quality  and  condition  of  each  variety  at  the  time  of 
harvesting. 
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TABLE  II— RECORD  OF  THE  CABBAGE  GROWN  FOR  SEASON  OF  190^ 


Variety  of  Cabbage 


Acme  Flat  Dutch    

Short  Stemmed   Drumhead 
All    Head    E}arly    

Early  Stone  head   

Burpee's    Safe    Crop    

Holland 

Small  Savoy   

Mid-summer   

Premium  Flat  Dutch   

Mammoth  Rock  Red  

Early   June    

Autumn  King    

Green  Glazed  American 

Sure    Head    

Extra  Early  Express    

Large    Red    Drumhead    

Flelderkraut    

Late   Stonehead    

Perfection   Drumhead   Savoy 

Harvest  Home   

Danish   Roundhead    

Danish    Baldhead    

Succession    


5: 

o 

09 


97 
98 
91 


98     13.56 


80 
79 

50 

100 

80 

83 

86 
91 

84 
100 

86 
83 
99 
72 

90 

100 

92 

94 


17.306 
14.158 
17.875 


\ 


4.083 
6.088 


5.488 
6.029 
3.78 

3.58 
4.809 

3.842 
15.522 

5.432 
4.725 
5.629 
3.578 

6.413 
7. 

7.305 
•6.09 


53041 
30187 
57172 

25845 

29642 
44198 


39842 
43770 
27442 

25990 
34913 

27892 
40089 

39536 
34303 
40866 
25976 

46558 
50820 
53054 
44213 


Quality  good;  solid. 
Heads  miedium  solid 
Heads      solid;       condition 

good 
Heads   small;      not     very 

solid 
Heads  not  solid. 
Heads  not  solid;  contitiou 

and  quality  poor 
No  good^ 

Heads  medium  solid 
Heads  medium  solid, 
keads  small^  solid;    Color 

red 
Solid;   quality  good 
Solid;   good. 
Did  not  mature 
Not  very  solid 
Not  very   solid;    condition 

fair. 
Solid,  good;   red  color 
Not  solid;  condition  poor. 
Solid;   condition  good 
Those  forming  heads  solid 

and  good  quality. 
Solid,  good  condition. 
Solid,  condition  good. 
Solid,  condition  good 
Solid,  condition  good 


The  varieties  producing  the  largest  yield  of  good  quality,  solid 
heads,  of  late  keeping,  were, — Acme  Flat  Dutch,  Danish  Round 
Head,  Danish  Ball  Head  and  Succession. 
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TOMATOES. 

Ten  varieties  of  early  tomatoes  were  grown  in  the  experimen- 
tal garden  this  season.  The  seeds  were  sown  in  the  greenhouse 
bench  March  23,  transplanted  into  flats  April  8th  and  put  into  pots 
May  5th  to  May  20th,  from  which  they  were  transplanted  into  the 
open  ground  June  nth  after  danger  of  severe  frosts  had  passed. 

Seventy  plants  of  each  variety  were  se.t  out,  four  feet  apart, 
,on  ground  that  has  not  been  manured  for  four  years.  The  first 
thirty-five  plants  of  each  variety  were  trimmed  to  a  single  stem  and 
tied  to  a  stake.  The  second  thirty-five  plants  of  each  variety  were 
not  pruned  at  all.  Both  plots  were  irrigated  and  cultivated  in  the 
same  way,  receiving  an  abundance  of  water  and  cultivation  until 
July  15th,  when  both  irrigation  and  cultivation  were  stopped. 

The  table  indicates  the  varieties  ripening  the  first 
fruits,  and  the  amount  of  both  ripe  and  green  tomatoes  produced 
during  the  season  on.  the  plants  pruned  and  not  pruned. 

Burpee's  Earliest  Pink  produced  the  largest  amount  of  ripe  fruit 
before  the  plants  were  killed  by  frost.  With  but  two  exceptions, 
the  plants  pruned  to  one  stem  produced  a  much  larger  amount  oi 
ripe  tomatoes  than  the  plants  not  pruned.  The  varieties  )''ielding 
the  largest  amount  of  ripe  tomatoes  of  good  quality  were, — Spark's 
Earliana,  Earlibell  and  Burpee's  Earliest  Pink.  These  varieties  al- 
so ripened  the  first  fruits. 

For  early  tomatoes  of  good  quality  in  the  high  altitudes  ol 
the  state  we  would  recommend  planting  seeds  of  Spark's  Earliana, 
Earlibell,  or  Earliest  Pink  in  March  or  early  in  April  and  transplant- 
ing into  pots.  They  should  be  set  out  as  soon  as  danger  of  killing 
frosts  have  passed  and  the  plants  pruned  to  one  stem  and  tied  to 
a  stake.  There  was  a  difference  of  twenty-two  days  in  ripening  be- 
tween the  earliest  variety  on  the  pruned  and  unpruned  plots,  thus 
indicating  that  pruning  and  staking  the  plants  has  a  very  material 
influence  upon   early  ripening. 
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ONIONS. 

Seeds  of  Yellow  Globe  Danvers,  Prize  Taker,  Extra  Early  Red, 
Australian  Brown  and  Large  Red  Wethersfield  onions  were  sown  in 
the  greenhouse  bench  March  19th.  On  May  15th,  when  the  bulbs 
were  about  one-sixteenth  of  an  inch  in  diameter  they  were  trans- 
planted to  the  open  ground;  one-fifth  of  an  acre  of  each  variety  be- 
ing planted. 

From  tests  in  small  plots  made  in  previous  years  of  transplant- 
ing onions,  a  very  large  yield  of  good  mature  onions  has  been  se- 
cured, and  the  object  of  the  experiment  this  year  of  transplantin;; 
one-fifth  of  an  acre  of  the  five  best  varieties  of  previous  years,  was 
to  determine  what  could  be  accomplished  in  growing  onions  on  a 
<:omme|rcial  basis. 

The  cost  of  growing  the  seedlings  in  a  hot-bed,  preparing  the 
ground,  transplanting,  cultivating  and  irrigating  the  onions  was,  ap- 
proximately, $50.00  per  acre. 

In  an  ordinary  year,  as  shown  by  the  results  obtained  during; 
the  past  three  years  in  growing  onions  by  the  transplanting  method 
in  small  plots,  the  yield  would  have  been  in  the  neighborhood  of 
60,000  pounds  per  acre.  At  $.01  per  pound  this  would  make  $6oo.03 
proximately,  $50.00  per  acre. 

The  onions  were  larger  and  thriftier  when  transplanted  than  in 
siny  previous  year  but  because  of  unfavorable  weather  conditions  dur- 
ing June  and  July  the  plants  made  practically  no  growth,  and  not 
more  than  one-tenth  of  the  bulbs  matured.  In  a  favorable  sev 
son  onion  growing  by  the  transplanting  method  is  very  profitable. 
as  a  very  large  yield  can  be  obtained,  and  they  may  be  sold  at  a 
reasonably   good  price. 

ORNAMENTAL  TREES  AND  SHRUBS. 

Xew  and  promising  kinds  of  ornamental  trees  and  shrubs  are 
being  planted  in  the  trial  nursery  each  y-ear.  These  plants  arc 
procured  from  various  sources ;  many  of  them  are  grown  from  seed 
:it  the  Station,  others  are  sent  us  by  the  U.  S.  Department  oi 
Agriculture  and  various  State  Experiment  Stations,  some  good 
kinds  have  been  sent  us  from  foreign  countries  but  most  of  the 
plants  now  growing  on  the  Station  grounds  have  been  purchased 
from  nurseries  throughout  the  I'nited  States.  Several  very  good 
kinds  of  crnamental  shrubs  have  been  brought  in  from  the  moun- 
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tains  of  Montana  and  we  are  now  looking  to  our  native  flora  for  the 
best  plants  to  grow  upon  our  lawns. 

Because  of  the  high  altitudes  and  short  growing  season  in 
many  parts  of  Montana,  it  is  hard  to  grow  many  of  the  plants  that 
have  proven  hardy  in  other  northern  states. 

From  experience  in  growing  plants  here  for  five  years,  it  secerns 
that  some  conditions  other  than  extreme  cold  in  winter  is  the  cause 
of  so  many  hardy  plants,  of  other  states,  being  killed.  The  cause 
has  been  attributed  to  the  short  growing  season,  early  fall  frosts, 
and  the  alternate  freezing  and  thawing  during  the  spring  months. 

The  plants  that  have  been  growing  in  the  trial  nursery  for  more 
than  one  year  are  here  given,  with  notes  on  the  g^rowth  of  each 
kmd. 

From    the    table    it    may    be    seen    that    the    plants  which 
have  been  hardy  in  the  trial  nursery  are: 
Box  Elder  Sand  Cherry 

Tatarian  Maple  Choke  Cherry 

Service   Berry  Siberian    Crab 

June  Berry  Burr   Oak 

White  Birch  Yellow-flowering  Currant 

Siberian   Pea  Tree  Wild   Roses 

Scarlet   Shorn  Laurel   Leaf  Willow 

Gold-leaf  Privet  Mountain  Ash 

American  Aspen  Lilacs   in    variety 

Cottonwood  Arrow-wood 

Bolles'  Poplar  Conifers 

There  are  a  number  of  very  beautiful  plants  given  in  the  above 
table  as  half-hardy  or  even  tender  that  may  be  grown  when  given 
protection  during  the  winter.  Many  of  the  plants  marked  as  half- 
hardy  do  not  kill  back  enough  to  seriously  interfere  with  subse- 
quent growth  or  blooming,  and  may  successfully  be  grown  upon 
the  lawn  without  extra  winter  protection;  such  plants  are  some  of 
the  Spiraes,  Barberries,  etc. 
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IRRIGATION  DEPARTMENT. 

E.  TAPPAN  TANNATT,  Engineer. 

The  investigations  of  the  Engineering  Department  have  been 
carried  on  partly  at  the  Experiment  Station  and  partly  over  the 
state. 

The  investigations  at  the  Experiment  Station  were;  first,  the 
observation  of  the  amount  of  evaporation  from  water  surface  in  a 
tank  set  level  with  the  surface  of  the  ground.  This  tank  and  equip- 
ment were  the  same  as  had  been  used  in  previous  years.  After 
continuing  the  investigations  for  a  short  time  it  was  found  that  the 
tank  was  subject  to  the  action  of  spray  from  a  lawn  sprinkling  sys- 
tem which  had  been  installed  but  a  short  time.  It  was  found  neces- 
sary to  move  the  tank  to  another  position.  The  difficulties  above 
referred  to  prevented  the  securing  of  satisfactory  records  of  evapor- 
ation covering  the  irrigation  season. 

Second:  Drainage  investigations  were  taken  up  at  the  Sta- 
tion with  a  view  of  studying  ground  water  and  seepage  conditions, 
to  design  a  working  system  of  drains  for  the  particular  class  of  lane, 
£rd  to  develop  the  ground  waters  for  irrigation  and  experimental 
purposes.  With  this  object  in  view,  a  system  of  wells  were  driven 
ia  the  section  referred  to  and  the  sub-strata  examined.  A  system  of 
drainage  was  then  established  and  the  former  system  removed. 
The  results  and  plans  of  this  work  are  fully  described  in  bulletin 
No.  65. 

In  connection  with  this  drainage  system  it  was  planned  to 
make  some  studies  of  the  practicability  of  pumping  water  for  irri- 
gation purposes.  Accordingly,  a  double  power  windmill,  donated 
by  the  manufacturers,  was  installed  upon  a  forty  foot  tower  and 
on  the  ground  floor  of  this  tower  a  gasoline  engine  and  a  puni]) 
were  also  put  up,  to  be  used  in  pumping  the  water.  The  water 
from  the  area  drained  was  run  into  a  large  concrete  lined  sump, 
from  which  the  water  could  be  pumped  to  a  flume  and  a  storage 
reservoir.  This  plant  was  especially  designed  to  permit  of  the 
study  of  the  special  seepage  problems  now  being  investigated  by 
the  department. 
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Early  in  the  season  the  department  took  up  with  the  Office  of 
Public  Roads  at  Washington,  D.  C.  the  question  of  constructing 
a  model  road.  Through  the  efforts  in  this  direction  and  the  assist- 
ance of  the  city  of  Bozeman  and  Gallatin  County,  a  half  mile  of 
road  has  been  constructed  along  the  north  line  of  the  Experiment 
Station  farm.  The  character  of  the  road,  although  not  the  best, 
was  limited  on  account  of  funds  available  and  thus  the  earth  road 
form  of  construction  was  used. 

For  some  years  past,  drainage  investigations  have  been  car- 
ried on  by  this  department  in  the  Yellowstone  Valley  near  Billings. 
These  investigations  have  been^  continued  during  the  past  season 
with  a  hope  of  finding  some  clue  which  would  point  to  a  satisfac- 
tory solution  of  the  problem.  The  wells  and  well  records  establish- 
ed by  the  former  Irrigation  Engineer  were  examined  and  it  was 
found  that  the  openings  in  the  iron  castings  had  been  so  thoroughly 
silted  as  to  render  the  resulting  records,  in  a  large  measure,  value- 
less. The  plan  of  using  casing  in  wells  was  abandoned  and  a  sys- 
tem of  drainage  investigations  conducted  in  connection  with  the  I. 
D.  O'Donnell  and  Arnold  drains  which  are  under  construction,  A 
recorder  was  kept  on  the  work  from  June  ist  to  Nov.  20th  and  a 
careful  system  of  records  obtained.  The  results  of  these  records 
have  clearly  demonstrated  the  inadvisability  of  depending  solely 
upon  the  drain  ditches  as  a  solution  of  the  problem  presented.  The 
records  have  clearly  demonstrated  the  necessity  of  first  investiga- 
ting the  seepage  conditions  of  the  big  ditches  with  a  view  of  stop- 
ping the  same.  The  investigations  have  clearly  proven  the  fallacy 
of  attempting  to  satisfactorily  drain  the  wet  lan^  of  the  Yellow- 
stone Valley  until  after  more  careful  attention  has  been  given  to 
seepage  conditions  of  the  big  ditches  of  the  valley  and  the  imneccs- 
sary  waste  of  irrigation  water.  The  quicksand  sub-strata  of  this 
valley  also  brings  up  the  question  of  the  advisability  of  studybg 
the  best  methods  of  draining  the  lands  in  question. 

In  connection  with  the  seepage  investigations  conducted  by  the 
department,  various  parts  of  the  state  have  been  visited  with  a 
view  of  securing  natural  materials  that  might  be  used  in  controlling 
these  seepage  conditions.  The  investigations  thus  far  have  been 
satisfactory  indeed,  although  we  are  not  as  yet  in  a  position  to  give 
results. 

During  the  year  the  Department  has  been  called  upon  to  visit 
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several  sections  of  the  state  in  order  to  settle  disputes  as  to  the 
proper  methods  of  measuring  water.  The  amount  of  ignorance 
manifested  along  this  line  has  been  surprising  and  we  have  con- 
cluded to  publish  a  complete  and  definite  bulletin  upon  the  methods 
of  measuring  water.     This  bulletin  is  in  process  of  preparation. 

The  progress  of  the  investigations  at  the  Station  has  demon- 
strated the  advisability  of  continuing  the  drainage  and  seepage  ex- 
periments as  originally  contemplated,  keeping  in  mind  the  secur- 
ing of  a  cementing  material  which  will  prevent  seepage.  The  plant 
as  now  installed  offers  opportunities  for  a  large  amount  of  investi- 
gations at  a  small  cost.  Because  of  the  difference  in  the  character 
and  formation  of  the  sub-soil,  we  believe  it  will  be  necessary  to 
continue  the  study  of  the  seepage  and  ground  water  conditions  at 
Billings  along  identically  the  same  lines  as  on  the  Experiment  Sta- 
tion farm. 
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AGRONOMY  DEPARTMENT. 

ALFRED  ATKINSON,  Agronomist 

The  report  of  this  department  as  presented  at  this  time  is  in 
a  large  measure  a  report  of  progress.  Except  for  the  report  ou 
variety  tests  no  conclusive  results  are  given.  This  is  because  of 
the  fact  that  the  department  was  established  under  its  present  man- 
agement during  the  Spring  of  1905,  and  the  work  now  being  carried 
on  was  begun  at  that  time.  There  are  therefore  but  two  years 
results  at  hand,  which  do  not  warrant  the  publication  of  definite 
conclusions  in  most  lines. 

VARIETY  TESTS  OF  CEREALS. 
VARIETY  TESTS  OP  BARLEJy. 

The  following  tables  presents  the  average  results  of  two  years 
tests  with  twenty  three  varieties  of  barley.  These  are  arranged 
in  order  of  their  yield  of  grain  per  acre. 

TABLE   L— YIELDS  OF  DIFFERENT  VARIETIES  OF  BARLEY 
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1. 

Guy  Mayle  

Hulless 

60 

4596.0 

76.6 

1.86 

60.0 

123 

2. 

New  Zeland    

Two  rowed 

48 

4262.4 

88.8 

8.27 

48.5 

127 

3. 

No.  5590 

Two  rowed 

48 

4233.6 

88.2 

2.73 

51.0 

122 

4. 

Nepbant   

Hulless  .... 

60 

3828.0 

63.8 

1.77 

61.0 

119 

5. 

California  Prolific 

Two  rowed 

48 

3806 . 4 

79.3 

2.18 

52.2 

122 

6. 

Scotch  Chevalier. 

Two  rowed 

48 

3691.2 

76.9 

1.99 

50.0 

123 

7. 

Del   Norte    

Hulless  .... 

60 

3516.0 

58.6 

1.63 

60.0 

121 

8. 

Princess    

Two  rowed 

48 

3460.8 

72.1 

2.22 

60.5 

ISO 

9. 

White  Hulless  . . . 

Hulless  .... 

60 

3426.0 

57.1 

1.66 

58.6 

U6 

10. 

No.  7583 

Six  Rowed  . 

48 

3345.6 

69.7 

1.79 

45.0 

121 

11. 

Odessa 

Six  Rowed  . 

48 

3052.8 

63.6 

1.78 

52.0 

119 

12. 

No.    5592    

Two  rowed 

48 

3000.0 

62.5 

1.54 

63.0 

119 

13. 

Bavarian    

Two  rowed 

48 

2899.2 

60.4 

1.58 

47.6 

U9 

14. 

No.  5472 

Two  rowed 

48 

2865.6 

59.7 

1.67 

52.6 

117 

15. 

McEvans    Hulless 

Hulless  .... 

60 

2754.0 

45.9 

i,m 

68. 0 

117 

16. 

Berkeley ... 

Two  rowed  . 

48 

2740.8 

57.1 

1.96 

60.6 

114 

17. 

Hannchen  

Two  rowed  . 

48 

2740.8 

57.1 

1.95 

49.6 

lis 

18. 

Chevalier 

Two  rowed  . 

48 

2726.4 

56.8 

1.73 

62.0 

116 

19. 

Kinna  Kulla 

Two  rowed  . 

48 

2438.4 

50. a 

2.00 

47.0 

115 

20. 

Black  Hulless  . . . 

Hulless  .... 

60 

2334.0 

38.9 

2.17 

60.5 

US 

21. 

Canadian  Thorpe. 

Two  rowed 

48 

2323.2 

48.4 

1.43 

62.0 

U6 

22. 

Mandscheuri    .... 

Two  rowed 

48 

2064.0 

43.0 

1.82 

46.6 

110 

^3. 

Minnesota  105  . . . 

Six  Rowed  . 

48 

1512.0 

31.5 

1.16 

49.6 

125 
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It  will  be  noted  that  the  Giiy  Mayle,  a  dark  kemeled  hulless 
variety  give's  the  largest  yield.  This  class  of  barleys  weigh  sixty 
pounds  to  the  bushel  and  being  hulless,  have  no  brewing  value. 
They  are  used  wholly  for  feed.  The  straw  is  usually  short  and  has 
a  tendency  to  break  just  below  the  head  as  soon  as  the  crop  begins 
to  ripen. 

New  Zealand,  the  variety  standing  second,  is  a  two  rowed,  high 
grade  brewing  barley.  It  has  been  grown  at  the  Experiment  Sta- 
tion for  seven  years  and  has  given  uniformily  high  yield.  The 
berry  is  uniform  in  size  and  bright  in  color. 

Some  demand  is  being  shown  for  a  six  rowed  brewing  barley » 
it  being  claimed  that  the  large  two  rowed  varieties  produced  un- 
der Montana's  most  favorable  condition,  do  not  furnish  enough  hull 
for  filtering  purposes.  In  order  to  meet  this,  several  six  rowed 
varieties  are  being  grown.  The  grain  is  not  so  large  but  the  head 
bears  six  instead  of  two  rows  of  kernels,  the  number  of  grains  is 
much  greater?  The  tests  so  far  have  shown  a  yield  much  below 
the  six  rowed  or  hulless  kinds.  However,  most  of  those  tested  so 
far  were  from  imported  seed,  so  better  returns  may  be  looked  for 
after  they  are  acclimated. 

The  following  table  shows  the  comparative  returns  from  the 
different  classes  of  barley  grown. 


TABLE  II— YIELDS  FROM  DIFFERENT  CLASSES   OF  BARLEY. 
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3168 

2.00 

119 
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4 

2496 
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117 

48. S 

From  the  foregoing  compilation   of  the   results  of  the  barle\'' 
variety  tests ;  the  following  conclusions  may  be  drawn : 

1.  The  largest  feed  returns  come  from  the  hulless  barley. 

2.  The  two-rowed  varieties  give  much  larger  yields  than  the 
six  rowed  varieties. 

3.  In  the  two  and   six-rowed  varieties,  large  yields  of  grain 
are  associated  with  large  yields  of  straw. 
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4.  An  average  of  the  varieties  tested  shows  a  yield  of  1.26 
pounds  of  straw  for  each  pound  of  grain  in  the  two  rowed  varie- 
ties; 1. 31  pounds  of  straw  to  each  pound  of  grain  in  the  six  rowed 
varieties ;  and  one  pound  of  straw  to  each  pound  of  g^in  in  the 
hulless  varieties. 

5.  Early    maturing   varieties   are    light   yielding   varieties. 

SPRING  WHEIAT  VARIETY  TESTS. 

The  following  tables  show  the  average  of  two  years  tests 
(1905-6)  with  twenty-three  varieties  of  spring  wheat.  These  arc 
placed  in  the  table  in  the  order  of  their  yield  of  grain  per  acre. 

The  Glyndon  692  gave  the  highest  average  returns.  This  i5 
a  good  milling  variety  and  was,  with  the  Glyndon  650-715,  originated 
by  Minnesota  Experiment  Station.  These  have  all  shown  them- 
selves to  be  surperior  yielding  varieties  and  we  believe  will  be  nl- 
uable  varieties  when  distributed  to  the  Montana  growers. 

The  variety  standing  second  is  a  Macaroni  wheat  grown  from 
seed  procured  from  the  Ontario  Experiment  Station.  This  variety 
promises  well  as  a  dry  land  as  well  as  an  irrigated  wheat. 

The  Red  Fife  wheat  of  Manitoba  origin,  which  gave  the  low- 
est yield,  is  the  Canadian  Northwest  No.  i.  It  was  imported  from 
the  Manitoba  Experimental  Station  two  years  ago  and  may  give 
higher  returns  after  it  becomes  acclimated. 
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Comparative    Returns    From    Different  Classes  of  Spring  Wheat. 


5p 


• 

Yiel 
per 

o 

d  of  gra 
acre. . . 

p  o. 

e  OB    1 

»-» 

n 

•^ 

< 

p 

OB* 

■ 

o1  str 
re  ... 

1 

• 
■ 
• 

• 

;s 

o  *♦ 
p  • 

o* 


Ck)mmon  wheat \15 

Macaroni  wheat j 

Feeding  wheat   2 


2977  lb8.|2.80  tonal  131  |  58.9  Ibl 
2975  lb8|2.55  tons|  128  |  60.7  lbs. 
2563  lbs.|2.41  tons|     131  |    47.7  lO;^ 


Three  different  classes  of  wheat  are  represented  in  the  twenty- 
three  varieties  reported.  These  are,  (a)  the  common  milling 
class  of  which  there  are  fifteen  varieties;  (b)  the  Macaroni  class 
of  which  there  are  six  varieties;  and  (c)  the  Feeding  wheat  of 
which  there  are  two  varieties.  The  foregfoing  table  shows  the  re- 
turns from  the  average  of  the  varieties  in  each  class. 

The  common  milling  wheats  include  the  common  white  and 
red  varieties  grown  generally  and  sold  for  milling  purpose*. 
These  may  have  either  bearded  of  bald  heads. 

The  Macaroni  varieties  are  peculiar  on  account  of  their  large 
and  very  hard  grains.  They  obtain  their  name  from  the  use  to 
•which  they  are  put,  viz.,  that  of  making  macaroni  products. 
These  wheats  grow  very  tall,  are  always  heavily  bearded,  and  do 
well  on  non-irrigated  land.  They  are  not  in  general  demand  as 
milling  wheats  though  they  make  a  high  quality  of  flour,  and  we 
believe  will  come  into  use  for  bread  making  purposes.  At  present 
they  are  used  principally  for  feeding  'to  stock  and  for  making 
macaroni. 

In  the  feeding  wheats  are  included  the  Emmer  and  Spcltz. 
These  are  peculiar  in  that  the  grain  remains  enclosed  in  the  hull 
the  head  simply  breaking  up  at  the  time  of  threshing.  They  fur- 
nish very  good  stock  food  and  do  well  on  non-irrigated  lands. 
Their  standard  for  weight  per  bushel  is  forty-eight  pounds. 

The  comparison  as  brought  out  in  the  table  shows  an  almost 
identical  yield  of  grain  in  the  common  and  macaroni  varieties,  and  a 
much  smaller  yield  in  the  feeding  varieties. 

The  yield  of  straw  is  greatest  in  the  common  wheats  and  leatt 
in  the  feeding  wheats. 

The  macaroni  wheats  mature  the  most  quickly  and  give  the 
greatest  weight  per  bushel. 
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VARIETY   TESTS   WITH   OATS. 

Thirty-four  varieties  of  oats  have  been  grown  for  the  past  two 
years.  The  purpose  in  these  tests  is  to  determine  the  best  yielding 
early  varieties,  as  there  is  a  growing  demand  for  such  on  the  non- 
irrigated  farms;  and  to  select  and  develope  large  yielding  varieties. 

The  unusually  heavy  August  precipitation  3.59  inches  with 
.71  inches  as  the  normal  amount,  delayed  ripening  the  oat  varieties 
II  days,  as  compared  with  1905.  For  this  reason  a  detailed  report 
of  varieties  is  not  given  at  this  time.  As  in  former  tests,  the  Pro- 
gress, Swedish  Select  and  Siberian  varieties  are  the  highest  yield- 
ers. 

PERCENTAGE  OF  HULL  IN   OATS. 

Since  the  hull  of  oats  contains  a  high  amount  of  crude  fiber, 
the  percentage  present  in  any  variety  has  an  important  bearing  on 
the  quality.  The  average  percentage  of  hull  in  American  and 
Canadian  varieties  of  oats  is  nearly  30  per  cent.  Careful  investiga- 
tions as  to  the  percentage  of  hull  in  the  thirty-four  varieties  grown 
at  the  Montana  Experiment  Station  during  1906,  shows  an  aver- 
age of  24.75  P^r  cent  of  hull  in  all  varieties.  This  is  over  5  per  cent 
below  the  average  of  the  varieties  generally  grown  and  indicates 
a  marked  superiority  in  Montana  grown  oats.  One  variety,  Sal- 
zer's  Big  4  had  as  low  as  20  per  cent  of  hull,  while  the  Sparrowhill, 
a  variety  introduced  by  the  Department  of  Agriculture  during  1905. 
Tiad  29.8  per  cent  of  hull.  While  this  last  variety  show  a  high  per- 
centage as  compared  with  some  others,  this  amount  of  hull  is  almost 
identical  with  the  average  varieties  grown  in  other  localities. 

CORN    ACCLIMATION. 

During  the  summer  of  1906  some  corn  improvement  work  was 
begun.  The  idea  in  this  work  is  to  develop  the  most  superior 
strains  of  corn,  so  that  they  may  be  profitably  grown  under  Mon- 
tana conditions. 

Com  is  a  very  high  grade  finishing  feed.  It  is  high  in  starch 
and  oil,  the  constituents  which  produce  fat  most  cheaply,  and  if  it 
were  available  for  the  live  stock  feeders  the  necessity  of  shipping 
stock  to  market  before  it  was  finished  would  be  entirely  set  aside 
Corn  is  also  a  large  yielder  giving  high  returns  from  an  acre. 
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Again  corn  being  an  intertilled  crop  is  valuable  in  the  rotation. 
It  can  be  cultivated  easily,  and  thus  gives  opportunity  to  clean  the 
fields  of  weeds.  The  crop  comes  in  for  harvesting  after  the  other 
grain  crops  have  been  removed,  thus  distributing  the  work  of  the 
farm  over  a  longer  period,  and  lessening  the  rush  in  the  harvesting 
season. 

Two  methods  may  be  adopted  whereby  the  corn  of  any  local- 
ity may  be  improved.  High  grade  com  may  be  imported  and  by 
selecting  only  the  ears  which  ripen  best,  it  may  be  acclimated  to  the 
new  locality ;  or  by  rigid  selection  it  may  be  improved  and  brought 
up  to  a  more  profitable  standard.  During  1906  the  efforts  were 
directed  chiefly  along' the  line  of  acclimating  a  high  grade  com  to 
Montana  conditions.  It  is  the  plan  to  include  some  selection  work 
in  the  coming  years. 

The  work  was  carried  on  in  the  Yellowstone  and  Bitter  Root 
valleys,  as  these  localities  seemed  to  offer  about  the  best  natural 
corn  conditions. 

Seeds  of  the  Reid's  Yellow  Dent,  a  high  grade  dent  com,  was 
procured  from  Northern  Iowa,  and  planted  on  sixteen  different 
farms  in  the  Yellowstone  valley,  and  on  one  farm  in  the  Bitter  Root 
valley.  As  the  product  from  all  ears  does  not  give  stalks  which 
raatiire  their  grain  in  the  same  way,  the  grains  from  each  ear  were 
planted  in  rows  by  themselves.  This  affords  an  opportunity  to 
select  from  those  ears  which  gave  the  most  perfectly  matured  crops. 

The  corn  was  planted  between  May  12th  and  the  i6th  and 
some  ears  which  showed  almost  perfect  maturity  were  gathered 
October  loth.  Later,  a  large  percentage  of  the  remaining  ears 
ripened  up,  so  that  abundant  seed  is  at  hand  for  next  years  planting. 
From  the  experience  of  the  past  season  we  believe  that  this  stram 
can  be  perfectly  acclimated  in  from  three  to  five  years. 

In  connection  with  this  corn  work  we  wish  to  express  our  ap- 
preciation of  the  help-ful  co-operation  of  those  who  so  kindly  fur- 
nished the  ground  for  the  growth  of  the  com,  and  gfave  attention  to 
the  planting,  caring  and  harvesting.  These  gentlemen  arc: 
Messrs.  I.  D.  ODonnell,  W.  B.  George,  G.  W.  Conrick,  Williain 
Birely,  J.  T.  Graham,  Chas.  O'Donnell,  S.  J.  Hopple,  J.  M.  Walker, 
G.  F.  Bartlett,  A.  Sansome,  John  Summers,  C.  H.  Pcrrine,  Austin 
North,  W.  F.  Snyder,  Geo.  Barling,  H.  P.  Vermlye  of  Billings,  and 
Dr.  W.  P.  Mills  of  Missoula. 
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SOIL  CULTIVATION   TEST. 


In  areas  of  light  precipitation  and  high  evaporation  early  and 
continuous  spring  cultivation  of  the  soil"  up  to  seeding  time  is 
recommended.  This  is  because  of  its  effect  on  conserving  the  mois- 
ture, warming  the  soil  and  bringing  about  a  good  seed  bed  condi- 
tion most  easily. 

In  order  to  get  definite  data  on  the  above  points  a  cultivation 
experiment  was  begun  the  past  season.  Six  acres  were  used  in 
the  test,  two  acres  being  fall  plow  and  the  remaining  four  left  until 
Spring. 

In  the  Spring  one  acre  of  the  fall  plowed  area  was  cultivated 
as  early  as  the  ground  was  sufficiently  dry,  and  the  surface  kept 
stirred  up  until  seeding  time.  Two  acres  of  the  unplowed  ground 
were  plowed  as  early  as  possible  in  the  Spring,  one  acre  kept  culti- 
vated, and  the  other  left  untouched.  The  remaining  two  acres 
were  left  unplowed  until  just  before  seeding  time.  The  entire  area 
was  sown  at  the  same  time  and  with  the  same  crop. 

Moisture  determinations  were  made  on  each  plot  at  the  time  of 
first  cultivation;  just  before  seeding  and  just  before  irrigating.  De- 
terminations were  also  made  as  to  the  available  nitrogen  at  the 
above  mentioned  times. 

A  careful  record  was  kept  of  the  amount  of  work  put  on  each 
acre  to  bring  it  into  good  seed  bed  condition,  and  the  yield  from 
each  acre  is  carefully  ascertained.  In  this  way  we  hope  to  deter- 
mine the  most  economical  way  of  conducting  the  Spring  cultivation, 
as  well  as  to  learn  something  of  the  reasons  for  any  difference 
in  returns  that  may  be  noted. 

EXPERIMENTS  WITH   ALFALFA. 

Alfalfa  investigations  are  being  conducted  to  determine  the 
following:  The  comparative  yield  of  different  varieties;  compara- 
tive yield  of  crops  grown  from  different  amounts  of  seed,  and  the 
comparative  returns  from  crops  sown  with  and  without  a  nurse 
crop. 

In  the  variety  test  seed  from  fourteen  different  sources  is  in- 
cluded. Seven  of  these  strains  are  of  the  Turkestan  variety  and 
were  procured  from  Europe  through  the  United  States  Department 
of  Agfriculture.  For  the  remaining  seven  of  the  common  variety 
the  differences  are  based  on  the  differences  in  climatic  condition^ 
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where  the  seed  was  produced.     Two  are  Eastern  grown,  two  a-e- 
from  Northern  and  one  is  from  Central  Montana,  and  the  remainins^ 

_  m 

two  are  from  the  Southerh  states. 

In  the  'rate  of  seeding"  test,  plots  are  seeded  with  the  followin:: 
amounts,  4,  8,  12,  16,  20,  24,  28,  32  and  36  pounds  per  acre.  Deter- 
minations as  to  the  comparative  yield  and  value  of  the  hay  pro- 
duced are  being  made.  After  sufficient  data  has  been  accumulated, 
^so  that  safe  conclusions  can  be  reached  on  the  above,  it  is  the  plan 
to  test  the  seed  producing  power  of  plots  seeded  at  the  varyin^j 
rates. 

In  the  test  to  determine  the  relative  returns  from  seeding  al- 
lafa  with  and  without  a  nurse  crop,  two  plots,  each  one  acre  in  area, 
were  seeded  to  alfalfa  the  same  day.  Immediately  following,  sixry 
pounds  of  seed  oats  were  sown  on  one  plot,  and  in  order  that  the 
cultivation  might  be  identical,  the  empty  drill  was  run  over  the  re- 
maining plot.  The  oats  were  allowed  to  mature,  which  required 
119  days,  and  harvested  a  yield  of  83  bushels  from  the  acre. 

The  plot  on  which  alfalfa  alone  had  grown  was  cut  twice  dur- 
ing the  season,  but  no  hay  was  taken  from  it.  There  was  thereforj 
a  decided  gain  the  first  year  from  the  plot  growing  the  nurse  crop. 

During  the  summer  of  1906  two  hay  crops  were  weighed  from 
each  acre  with  yields  practically  identical.  Of  course  safer  con- 
clusions can  be  gained  when  two  years  alfalfa  returns  can  be  con- 
sidered but  judging  from  the  results  so  far,  it  would  seem  that  what- 
ever yield  is  harvested  from  a  nurse  crop  grown  with  alfalfa,  is 
clear  gain,  as  it  seems  to  exert  no  harmful  effects  on  the  youni;^ 
plants. 

From  the  nature  of  the  test  we  believe  that  we  will  be  war- 
ranted in  giving  out  definite  conclusions  after  one  more  years' 
work. 

The  soil  on  which  these  tests  are  being  conducted  is  an  aver- 
age Bozeman  silt  loam,  underlaid  at  a  depth  of  four  feet  with  an 
open  gravelly  layer.  It  produced  clover  during  1903  and  1904  and 
was  plowed  during  the  Fall  of  1904.  As  early  in  the  Spring  of 
1905  as  the  soil  was  dry  enough  to  be  worked  without  puddling:, 
it  was  disked  and  harrowed.  From  this  time,  until  the  seed  was 
sown,  May  6th,  it  was  kept  in  a  good  mulch  condition. 

During  1905  no  hay  was  taken  from  the  plots,  July  nth.  when 
the  alfalfa  had  attained  an  average  growth  of  ten  inches,  it  was  cui 
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back  with  the  mower.  The  water  was  immediately  turned  on  and 
all  plots  irrigated.  August  2nd,  the  crop  was  again  cut  back  and 
the  plots  again  irrigated. 

During  1906  two  crops  of  alfalfa  were  harvested.  A  third  cut- 
ting was  made  but  on  account  of  continued  wet,  no  accurate  weights 
could  be  procured. 

Detailed  results  from  these  investigations  are  not  given  at  this 
time,  as  any  general  conclusions  that  might  be  indicated  could  not 
be  accepted  on  the  work  of  one  year  since  seasons  differ  widely, 
r  nil  returns  will  be  published  as  early  as  sufficient  data  is  at  hand. 
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DAIRY  DEPARTMENT. 

W.  J.  ELLIOTT,  Dairyman. 

AGE  OF  CREAM    A8    RELAT  ED  TO  QUALITY  OF  BUTTER 

With  the  advent  of  the  hand  separator  on  the  farm  the  cream- 
ery  products,  experts  tell  us,  are  gradually  deprecating  in  quality. 
In  other  words  the  average  butter  as  produced  in  the  creamery 
today  is  not  up  to  the  standard  of  that  some  years  ago,  and  ex- 
perts are  beginning  to  lay  the  blame  for  this  upon  the  improper 
care  given  to  the  cream  on  the  farm.  When  milk  was  delivered  at 
the  creameries  every  day,  there  was  but  little  chance  for  it  to  be- 
come tainted  with  objectionable  flavors.  But  now  that  the  cream- 
ery patron  has  the  hand  separator  there  appears  to  be  such  a  small 
amount  of  cream  that  he  thinks  it  is  not  necessary  to  go  to  the 
creamery  every  day,  and  thus  delivers  the  cream  three  times  per 
week  or  perhaps  only  twice.  It  is  here  where  the  trouble  comes 
in ;  cream  standing  about  the  house  becomes  sour  or  takes  up 
taints  and   hence   produces  an   inferior  article  of  butter. 

Considering  these  facts,  it  was  planned  to  try  and  find  what 
was  the  effect  on  the  character  of  the  butter  when  made  from 
cream  of  different  ages.  In  other  words,  is  the  practice  of  de- 
livering the  cream  to  the  creamery,  twice  per  week  or  three  times 
per  week,  as  a  great  many  farmers  desire  to  do,  sriously  detrimen- 
tal to  the  character  of  the  butter. 

It  is  a  well  known  fact  that  the  fat  of  milk  is  not  a  single  fat, 
but  is  rather  a  combination  of  fats,  some  of  them  hard  and  some  of 
them  soft ;  so  it  was  our  desire  to  find  out  what  was  the  effect  of 
keeping  cream  for  a  number  of  days  before  churning,  on : 

1.  The  churnability  of  the  cream. 

2.  The  character  of  the  fat  as  judged  by  its  melting  point. 
For  this  experiment  four  different  groups  of  chumings  wer; 

made.  In  group  I  there  was  cream  four  days  old,  two  days  old 
and  a  churning  of  freshly  separated  cream.  In  groups  II  and  If 
and  IV  there  was  cream  two  days  old,  one  day  old,  and  freshly 
separated  cream.  To  all  of  the  samples  a  starter  was  added  in 
sufficient  quantity  to  produce  the  acidity  given  in  the  tables  below. 
To  the  freshly  separated  cream  25  per  cent  of  starter  was  added  ia 
each  case.    The  following  table  gives  the  results: 
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TABLE    1— Results   of  Churning 

Foul 

'  Groups  of  Cream  of    Different    Ages. 
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1  day 

2  day 
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.36  per  ct. ' 
.64  per  ct. 
.58  per  ct. 
.58  per  ct. 

50 
50 
49 
50 

68 
70 
68 
68 

15  min. 
17  min. 
14  min. 

16  min. 

22  M 
20  M 
20  M 
24  M 

57 
57 
58 
58 

62 
52 
52 
52 

II. 

Fresh 

1  1  day 

2  day 

.27  per  ct.    52 
.20  per  ct.    51  % 
.54  per  ct.    52 

70 
68 
72 

13  min. 

9  min. 

15  min. 

15  M 
11  M 
19  M 

60 
60 
60 

68 
58 

58 
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Fresh 

1  day 

2  day 

.26  per  ct. 
.58  per  ct 
.54  per  ct. 

52 
48 
52 

69 
68 
71 

15  min. 
15  min. 
10  min. 

19  M 
18  M 
12  M 

58 
59 
59 

52 
53 
58 

IV. 

Fresh 

1  day 

2  day 

.29  per  ct. 
.51  per  ct. 
.51  per  ct. 

49 
48 
48 

68 
70 
71 

18  min. 
18  min. 
16  min. 

29  M 

28  M 
27  M 

58 
59 
60 

51 
52 
61 

TABLE   I— (Continued) 
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Dg.F 

I. 

Fresh 

1  day 

2  day 

3  day 

88 
88 

90.5 
88.5 

89.6 
89.1 
90.8 
90.1 

88.7 
89.5 
89.5 
88.5 

89.3 
89.2 
88.8 
87.2 

88.5 
88.2 
88.2 
88.2 

n. 

Fresh 

1  day 

2  day 

89 
86 
88 

92.7 
91.7 
92.8 

89.5 
89.6 
90.2 

89.2 

89 

90.5 

89 
88 
88 

88 

88.2 

89.2 

79.2 
82.8 
86.4 

III. 

Fresh 

1  day 

2  day 

95 

92.5 

93 

95.2 
90.1 
91 

91 

89.5 

90.3 

89.5 
88.5 
89 

89.8 

88 

88 

89.7 

88 

89.2 

82.8 
82.8 
Broke 

IV. 

Fresh 

1  day 

2  day 

88.5 

90 

91 

89.3 
90.6 
90.5 

88.5 
90.6 
89.2 

89 

89.9 

88.3 

88.5 
89.2 
88.2 
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THE  CHURN  ABILITY   OF  THE  CRELA.M. 

As  far  as  the  churnability  of  the  cream  was  concerned  little 
difference  was  noted,  as  this  appears  to  be  influenced  more  largely 
by  the  temperature  and  acidity  of  the  cream,  and  the  temperature  of 
the  work  room. 

THE  MELTING  POINT  OF  THE  BUTTER  FAT. 

In  considering  the  melting  point  of  the  butter  fat  we  noted 
a  distinct  difference  between  the  old  and  fresh  cream.  We  hen 
insert  a  table  giving  an  average  of  all  of  the  melting  points  of  but- 
ter made  from  the  fresh  cream,  one-day  old  cream,  two-day  old 
cream,  and  the  four-day  old  cream.  The  butter  made  from  each  of 
these  churnings  was  kept  for  ten  weeks  and  the  melting  point  was 
taken  three  times  each  week  during  the  ten  weeks.  The  following 
table  gives  the  average  melting  point  for  each  two  weeks  of  the 
test,  beginning  with  the  actual  melting  point  taken  the  day  the  but- 
ter was  made. 


TABLE   II — Average   Melting   Point  of  Butter   Made     From     Fresh     Cream, 
Cream   One   Day   Old,  Two   Days   Old  And    Four    Days  Old. 


Age  of  C'm| 

Fresh  | 

2  wks. 

4  wks. 

6  wks. 

1       8  wks. 

1     10  wks 

Fresh 

90.1 

91.7 

89.9 

89.2 

88.9 

88.8 

1   day    

89.1 

90.4 

89.8 

89.1 

88.3 

88.1 

2   day    

90.6 

91.2 

89.8 

89.4 

88.1 

89.2 

4   day    

88.5 

90.1 

88.5 

87.2 

88.2 

88.2 
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As  the  exact  point  we  wish  to  bring  out  in  the  foregoing  table 
may  be  seen  much  more  readily  when  this  table  is  presented  in 
diagram  we  here  give  the  melting  points  of  the  butter  made  from 
cream  of  the  ditTerent  ages. 


DISCUSSION  OF  RESULTS. 

One  of  the  interesting  facts  illustrated  by  this  table  is  that  for 
the  first  two  weeks  after  churning  the  melting  point  of  butter  is 
higher  than  it  ever  is  again,  and  that  after  the  first  two  weeks  the 
general  tendency  of  the  melting  point  is  to  beome  lower  and  lower. 
There  is,  however,  ■  slight  variation  in  the  case  of  the  butter  from 
two  days  old,  and  four  days  old  cream.  At  the  loth  and  8th  weeks 
respectively  each  of  these  samples  makes  a  slight  rise  in  melting 
point.  The  butter  from  two  days  old  cream  rises  to  within  1.4  de- 
grees of  its  original  melting  point;  while  that  from  four  days  old 
cream  rises  to  within  .3  of  a  degree  of  its  starting  point.  But  the 
main  tendency  in  every  sample  after  the  first  two  weeks  is  down- 
ward. The  butter  evidently  becoming  softer  after  that  period  as 
evidenced  by  its  lower  melting  point.  Now  whether  or  not  the 
character  of  the  butter  fat  changes,  or  what  are  the  changes  that 
takes  place,  we  are  unable  as  yet  to  state;  but  this  fact  is  demon- 
strated that  after  the  first  two  weeks  the  melting  point  of  the  but- 
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ter  fat  tends  to  lower  when  kept  in  an  average  creamery  refriger- 
ator. 

A  deduction  from  the  above  facts  would  be  that  if  we  are  de- 
sirous of  having  the  butter  retain  its  hard,  firm  body,  we  should 
plan  to  have  the  butter  reach  the  consumer's  table  sometime  before 
it  is  two  week's  old,  if  it  is  intended  for  immediate  consumption. 

We  intend  to  follow  out  this  line  of  work,  to  verify  the  results 
already  obtained,  and  to  answer  three  more  questions,  viz: 

First,  does  the  character  of  the  bi^ltter  fat  change,  and  if  so 
how? 

Second,  can  the  period  of  hard  butter  of  high  melting  point  be 
n>aterially  extended  by  low  temperatures,  and. 

Third,  would  it  be  economical  to  do  so? 

REPORT    OF   THE    DAIRY    HERD. 

During  the  year  the  scales  and  Babcock  test  have  been  used 
regularly  to  measure  the  producing  capacity  of  the  dairy  herd.  The 
result  has  been  that  the  value  of  the  herd  as  a  money  producer  is 
gradually  increasing. 

We  are  particularly  unfortunate  in  failing  to  get  quite  a  num- 
ber of  the  c6ws  bred  during  the  year,  so  that  they  were  dry  for 
such  a  length  of  time  as  to  seriously  affect  the  yearly  results  if  their 
record  were  included.  These  animals  have,  therefore,  been 
dropped  from  this  year's  record.  Another  animal  which,  during 
the  year  1905,  only  gave  a  profit  of  $18.25  was  given  another  trial 
for  1906,  when  her  profit  was  $27.20.  As  this  was  so  far  below  the 
average  of  the  herd  she  was  fattened  and  sold. 
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TABLE    III— Giving   a 

Record 

of  the 

Herd  From  Dec.  1,  '05  to  Nov.  30,  '06. 

55 
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B.  F.  per  Coi 
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Buttercup 

314 

49 

4817.9 

270 

315 

$  78.75 

$  6.72 

$  85.47 

Dell    

282 

83 

4802 . 8 

164.4 

182 

45.50 

6.95 

52.45 

Stub   

294 

71 

6994.9 

266.5 

311 

77.75 

10.08 

87.83 

Celia    

237 
334 

128 
31 

5021.9 
6669 . 6 

228.2 
269.5 

266 
314 

66.50 
78.50 

7.47 
9.60 

73.97 

Blackie 

88.10 

Bess    

295 

70 

7392.2 

322.9 

377 

94.25 

10.62 

104.87 

V "Utt       ....        ••       •■••«« 

296 

69 

6413.7 

245.4 

286 

71.50 

9.24 

80.74 

Kate 

365 

•  •  • 

6498.8 

291.1 

340 

85.00 

9.36 

94.36 

Same  

254 

111 

7399.3 

283.6 

330 

82.50 

10.67 

93.17 

Cherrie   

365 

•   •   • 

7510.8 

358.8 

418 

104.50 

10.72 

115.22 

Pied    

318 

47 

7102.9 

264.8 

308 

77.00 

10.25 

87.25 

May   

236 

129 

5599 . 3 

209.1 

244 

61.00 

8.10 

69.10 

♦Dame  Hunter   

110 

129 

2517.5 

125.5 

150 

37.50 

3.60 

41.10 

♦•Bessie  Wlnns  comb 

91 

129 

2545.3 

126.1 

152 

38.00 

3.62 

41.62 

Ay.  excepting  last 

two.    See  notes 

301 

64 

6581.9 

273.6 

319.9 

79.75 

9.34 

89.09 

♦Dame  Hunter  was  received  from  Dr.  Mills  of  Missoulia  on  August  12, 
'06,  and  bad  only  been  milked  110  days  up  until  the  close  of  the  year  (Nov. 
30,  '06.) 

♦♦Bessie  Winn's  Comb,  was  also  received  from  Dr.  Mills  August  12th. 
She  became  fresh  Aug.  31st,  hence  has  only  been  mdlked  91  days  up  un- 
til  the  close  of  the  year    (Nov.   30,  '06.) 


AVB3RAGB  OF  EBRD  FOR  TWO  YEARS. 

The  average  of  the  herd  this  year  is  considerably  above  that 
of  last  year,  as  seen  by  the  following  comparison: 

TABLE   IV — Comparison  of  Herd  Record  for  1905  and  1906. 
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81.61 
89.09 


This  is  only  an  average  herd  of  Montana  bred  cows  having  been 
purchased  from  the  farmers  of  Gallatin  valley,  and  we  are  endeavor- 
mg  to  show  what  can  be  done  by  a  system  of  grading  up  with  pure 
bred  dairy  sires,  and  also  by  using  the  scales  and  Babcock  tester  in 
weeding  out  the  least  profitable  cows  each  year. 
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HAY  WORTH  $16.34  PER  TON  AFTER  PAYING  ALL  EXPENSES 

OF  FEED  AND  LABOR. 

It  cost  on  an  average  $32.45  per  cow  each  year  to  pay  for  her 
hay,  grain  and  pasture,  figuring  hay  at  $5.50  per  ton,  grain  at  $i.ao 
per  100  lbs  and  $1.00  per  month  for  pasture.  But  even  after  charg- 
ing the  cows  up  with  all  she  eats  at  fair  market  prices,  and  also  de- 
ducting a  fair  amount  for  all  labor  connected  with  the  business, 
they  are  still  returning  us,  over  and  above  all  cost  of  labor  and  feed, 
three  times  market  prices  for  the  hay. 

By  referring  to  the  table  above  it  will  be  seen  that  the  average 
income  per  cow  is  $89.09.  This  amount  does  not  include  the  calf 
nor  the  value  of  the  manure.  We  allowed  $4.00  for  the  value  of 
the  calf,  and  $6.00  for  the  value  of  the  manure, — prices  which  we 
think  all  will  agree  are  very  conservative.  Thus  we  have  $99.09 
as  the  total  average  income  for  each  cow. 

Now,  let  us  deduct  from  the  average  total  income  of  each  cow 
the  average  value  of  grain  fed,  which  is  $11.29  (^^  $1.00  per  100  lbs.) 
and  the  pasture  at  $1.00  per  month,  together  with  three  cents  per 
pound  for  manufacturing  the  butter,  (the  average  price  charged  at 
the  creameries)  and  also  a  total  of  $20.00  for  looki  ng  after  each  cow 
during  the  year.  Putting  this  in  tabulated  form  we  have  the  fol- 
lowing : 

Total  average  income  per  cow $99-09 

Average  cost  of  grain  fed  each  cow $11 .29 

Average  cost  of  pasture  per  cow  (5  months) 5.00 

Cost  of  manufacturing  butter  at  3c  per  lb 9-57 

Cost  of  labor  for  each  cow 20.00 

Total $45-86 

Balance  in  favor  of  cow $53-^3 

Now,  this  amount  represents  the  value  of  hay  fed  during  the 

winter. 

The  cows  were  fed  in  the  barn  for  seven  months,  and  consumed 
on  an  average  per  animal  925  lbs  of  hay  per  month,  making  a  total 
of  6475  lbs.,  or  practically  three  and  one-fourth  tons  for  each  cow. 
Thus,  three  and  one-fourth  tons  of  hay  fed  to  the  cow  brought  in 


Cherrie,  Best  cow  in  the  Montana  Experiment  Slalion  herd  for  the  year  1906. 

Milk    produced    7S10.8  lbs.     Value  of  butter  at  SSc  per  lb $104.50 

Averaire    test    4.6%       Value    of    skim    niilk    at    ISc,    per    100 

Butler   fat   produced..     358.8  lbs.  pounds    10. T2 

Eiitimated    butter    418,0  lbs.     Total   income   from   cow 115,22 


Bess,   Second   cow   in    the   Montana    Experiment    Station   herd   for   the   year   1906. 

Milk   produced    7392,2  lbs.      Value  of  butler  at  25<f  per   lb $  94. 2S 

Butter   fat   produced.  .     .■122.9  lb-;.     Value    of    skim    milk    at    15c,    per    100 
Average  test    4.3%  pounds    10.62 

Pctim^t-H    t,„itor  177  fi   11,=        Tnlnl    Inrnmf    Inr    lOftfi  «irtj   07    . 


Saliie.   Third   cow    in   the    Momana   Experiment    Station   lierd    for   the   year   190t 

Milk  produced    7399.3  lbs.     Value  of  butter  at  25c  per  lb $  82.50 

Average   test    3.8%       Value    of    skim    milk    at    ]5c,    per    100 

Butter   fat   produced , .     283 .6  lbs.  pounds     lO.ST 

Eslimafed   butter    3.W,0  lbs.      Total   income   for    iniir. !I3,17 
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a  net  return  of  $53.23,  or  $16.34  per  ton.  This,  after  allowing  a  fair 
market  value  for  all  grain  fed  ($1.00  per  100  lbs.),  and  $1.00  per 
month  for  pasture,  as  well  as  charging  her  with  three  cents  per 
pound  for  manufacturing  the  butter,  and  besides  charging  her  with 
$20.00  for  the  trouble  of  milking  and  feeding  her. 

Now,  let  us  sum  up  to  see  what  we  have  received  from  the 
dairy  cow.     She  has  paid  us: 

(i)     $20.00  for  milking  and  feeding  her. 

(2)  $16.34  per  ton  for  all  hay  consumed. 

(3)  $1.00  per  hundred  for  all  grain  eaten. 
(4)$  1. 00  per  month  for  pasture. 

(5)     And  over  and  above  all  this  she  pay  3c.  per  lb.  for  the 
trouble  of  converting  her  product  into  butter. 
Besides  all  the  above  this  system  permits  us  the  privilege  of 
marketing  all  our  farm  products  right  at  home. 

MARKETING  BUTTER  VS.   HAY. 

There  is  also  the  difference  in  favor  of  delivering  the  cream  or 
butter  at  the  market  or  creamery,  as  compared  with  the  marketing 
of  scores  of  tons  of  hay.  In  our  particular  case  we  would  have  had 
to  draw  170  tons  of  hay  to  market  at  $5.50  per  ton,  to  receive  the 
same  amount  cf  money  as  we  received  from  delivering  one  and 
seven-teni  iS  tons  of  butter.  But  what  about  the  effect  on  the  land. 
InvestigaV'ons  show  that  for  every  ton  of  clover  hay  removed  from 
the  farm,  'here  is  removed  $2.40  in  ash  elements,  which  are  not  re- 
turned. Now,  in  selling  170  tons  of  hay  off  the  farm,  we  remove 
$408.00  in  ash  elements-,  while  in  selling  one  and  seven-tenths  tons  of 
butter,  we  do  not  remove  $1.00  worth  of  value  from  the  fertility  of 
the  soil,  because  the  elements  that  go  to  make  up  butter  are  those 
that  are  obtained  from  the  air  by  the  plants. 

DAIRYING  PAYS. 

It  was  our  intention  three  years  ago  to  prove  by  actual  demons- 
tration that  a  herd  of  ordinary  Montana  cows  coula  be  made  fo 
pay.  And  as  a  result  of  carefully  weeding  out  the  unprofitable^ 
animals  and  giving  due  care  to  the  handling  and  breeding  of  the 
herd,  we  have  this  year  obtained  $16.34  per  ton  for  hay  Dy  feeding: 
it  to  dairy  cows.     We  hope  to  greatly  increase  this  amount  after 
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we  start  to  use  full  blood  dairy  sires  in  the  further  giading  up  of 
the  herd. 

RETURNS  FROM  AN  ACRE  OF  PASTURE. 

Another  line  of  work  taken  up  by  the  Dairy  department,  in  co- 
operation with  the  Director,  was  a  study  of  the  returns  from  a  per- 
manent pasture.  Only  a  short  summary  of  this  work  will  be  g^ven 
here  as  the  results  complete  will  come  out  in  bulletin  form  a  little 
later. 

During  the  summer,  from  June  ist  to  October  13th,  thirty 
head  of  cows  (22  milking  and  8  dry),  and  six  head  of  yearlings,  were 
pastured  on  30  acres.  This  pasture  grew  so  abundanty  that  the  36 
head  could  not  keep  pace  with  the  clover,  and  one  end  of  the  fijld 
consisting  of  a  fraction  over  nine  acres,  was  fenced  off  to  cut  for 
hay.  From  this  nine  acre  piece  twelve  tons  of  hay  were  cut.  The 
irrigation  water  was  then  turned  in  on  the  hay  stubble,  and  in  ten 
days  it  was  opened  again  for  pasture.  During  this  time  (June  ist 
to  October  *sth),  48,783  Ibs.of  milk  were  produced  on  the  30  acre^ 
from  which  2440  lbs.  of  butter  were  made.  This  butter  sold  at  27c. 
per  lb.,  realizing  $658.80.  To  this  add  twelve  tons  of  hay  at  $5.50 
per  ton,  or  $66.00.  The  total  weight  of  the  animals  when  turned 
in  on  the  pasture  on  June  ist  was  38,409  pounds.  On  Octobe-  ijth 
their  weight  was  41,126  pounds,  thus  we  had  a  gain  in  weight  foi 
the  herd  of  2,717  pounds,  at  3c.  per  lb.,  making  an  additional  giin 
of  $81 .  50. 

To  this  add  46,300  pounds  of  skim  milk  at  15c.  per  lou  pounds, 
and  from  the  30  acres  we  have : 

Value  of  butter  produced $658.80 

Skim  milk  at  15c  per  100  lbs 69.51 

Hay  cut 66.00 

Gain  in  weight  of  herd 81 .  50 

Total  from  30  acres $875.81  or  $29.20  per  acre. 

COMMENTS  ON  THE  RETTURNS  FROM  THE  DAIRY  HERD. 

We  would  not  have  it  understood  that  this  is  a  high  class  dairy 
herd,  for  it  is  only  an  ordinary  herd  of  Montana  bred  cows,  par- 
chased  from  the  farmers  of  the  Gallatin  Valley.    The  object  was  to 
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show  what  could  be  done  with  the  ordinary  herds  of  Montana  cowsf 
under  average  conditions  when  handled  in  an  intelligent  manner. 

We  believe  that  the  returns  could  be  greatly  increased  with  a 
higher  grade  herd  and  by  careful  selection  and  handling,  see  what 
improvement  can  be  made  with  each  succeeding  year.  This  is  also 
what  we  would  advise  the  average  farmer  to  do.  Do  not  put  a  large 
amount  of  money  into  a  highly  bred  herd  before  you  have  the  facil- 
ities for  caring  for  them  and  understand  how  to  handle  them.  Start 
with  the  best  cows  you  have,  weeding  out  as  soon  as  possible  the 
poor  producers.  Get  the  best  sire  you  can  procure  and  grade  up 
the  herd,  watching  and  studying  carefully  as  you  gradually  im- 
prove the  herd  with  the  better  blood.  Then  by  the  time  you  have 
worked  up  to  almost  high  grades  you  will  fully  understand  how  to 
handle  them  and  can  safely  buy  the  best  animals  you  can  get. 

During  the  time  the  farmer  is  grading  up  his  herd,  and  before  he 
has  come  to  the  place  where  he  is  practically  or  entirely  dealing 
with  the  best  specimens  of  the  dairy  breeds,  he  is  yet  in  a  profitable 
business  because  no  more  profitable  way  can  be  found  of  disposing 
of  the  hay  grown  on  the  farm  than  by  selling  it  to  good  dairy  cows. 

CAUSES  OF  VARIATION    IN  TEST  OF  CREAM. 

m 

A  second  line  of  work  taken  up  by  the  Dairy  department  was 
to  try  and  answer  by  actual  test  a  question  that  has  been  coming  to 
us  frequently  from  the  new  creameries.  The  question  is:  "With  the 
same  separator  and  with  the  same  herd,  what  causes  the  percentage 
of  butter  fat  in  the  cream  to  vary  from  day  to  day?" 

DIFFERENT  TEMPERATURES. 

We  first  tried  different  temperatures  of  milk.  All  milk  for 
this  experiment  was  run  through  the  same  separator,  running  by 
power,  so  that  the  speed  was  constant.  We  separated  milk  at  6a 
degrees  F.,  65  degrees  F.,  75  degrees  F.,  85  degrees  F.,  95  degrees 
F.,  and  105  degrees  F.,  and  the  average  of  six  different  tests  gave 
us  the  following: 

Temp,  of  milk  separated 60F.    65F.    75F.    85F.    95F.     losF. 

Average  per  cent  fat 20.6    21.8    25.       27.5    26.5    ^39. 7 

Capacity  of  sep.  in  lbs 599lb.  6381b.  6471b.  6561b.  66ilb.  6761b. 
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It  is  evident  from  this  table  that  the  percentage  of  butter  fat 
in  cream  depends  very  materially  on  how  long  the  milk  is  allowed 
to  cool  after  it  is  drawn  from  the  cow  and  before  it  is  separated,  or 
in  other  words,  depends  upon  the  temperature  of  the  milk.  The 
temperature  of  the  milk  at  the  time  of  separation  also,  plays  a  very 
important  part  in  the  capacity  of  the  separator,  as  will  be  seen  by 
referring  to  the  above  table. 

VARIATIONS   IN    SPEED    OF   S^PARA'iOR, 

The  second  test  was  to  find  what  was  the  influence  of  a  vari- 
ation in  speed  of  separator  on  the  percentage  of  butter  fat  in  the 
cream  and,  incidentally,  on  the  capacity  and  efficiency  of  the  separ- 
ator.    The  results  were  as  follows: 

Turns  of  separator  handle  per   minute.... 50  52  57  58 

Average  per  cent  butter  fat  in  cream 32.5  34  32.5  36.5 

Average   capacity  of  separator 501  506  495  495 

Average  per  cent  fat  in  skim  milk 7  .7  .06  .03 

This  table  tells  us  that  a  variation  in  the  turns  of  the  separator 
handle  per  minute,  or  the  speed  of  the  separator  bowl,  will  cause  a 
difference  in  the  percentage  of  fat  in  the  cream.  Incidentally  it 
will  also  be  seen  that  the  capacity  of  the  separator  varies  with  the 
speed,  and  the  efficiency  of  the  separator  is  also  very  materially 
influenced. 

FULL  AND  PARTIAL  CAPACITY. 

A  third  experiment  along  this  same  line  was  in  the  running  of 
the  separator  at  full  capacity  and  half  capacity.  The  results  were 
as  follows: 

Per  cent,  of  fat  obtained,  full  capacity,  with  milk  at  80F. . . .  25% 
Per  cent,  of  fat  obtained,  partial  capacity,  with  milk  at  80F. .  34% 

Per  cent  of  fat  obtained,  full  capacity,  with  milk  at  90F 23.5% 

Per  cent,  of  fat  obtained,  partial  capacity,  with  milk  at  90F. .  31% 

In  this  test  the  running  of  the  separator  at  only  partial  capa- 
city produced  a  very  much  richer  cream. 
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RICH  AND   POOR  Mi^.C. 

The  next  test  made  was  with  rich  and  poor  milk.  The  results 
were  as  follows: 

Per  cent  fat  in  milk 4.5  3.6 

Average  butter  fat  in  cream 34.5  24. 

Here  again  a  difference  of  a  trifle  less  than  1%  butter  fat  in 
milk  causes  a  difference  of  over  10%  in  the  butter  fat  in  the  cream. 

AMOUNT  OF  WATER  USED  IN  FLUSHii.vi  THE  SEPARATOR. 

Continuing  the  same  line  of  tests,  different  amount  of  water 
were  used  to  flush  out  the  bowl  after  separating : 

Per  cent,  butter  fat  in  cream  when  i  qt.  water  was  used. . .  .34.5 
Per  cent  butter  fat  in  cream  when  3  qts.  water  was  used.  .31.7 
We  believe  that  the  above  is  one  of  the  most  fertile  causes  of 
variation  in  the  test  of  cream,  for,  as  a  rule,  the  farmer  pays  no  par- 
ticular attention  to  the  exact  amount  of  water  used  to  flush  out  the 
separator. 

IRREGULAR   SPEED    OF    SEi'-RATOR. 

Two  tests  were  conducted  with  reference  to  irregular  speed  of 
the  separator.  In  this  test  the  speed  of  the  separator  was  increased 
and  slackened  irregularly  during  the  separating  process,  as  might 
be  unconsciously  done  by  one  who  did  not  particularly  watch  the 
speed  of  the  separator.  In  one  test  we  secured  34%  fat  in  the  cream, 
and  in  the  other  29.5%  fat. 

DIFFERENT  ACIDITY. 

In  separating  milk  of  different  acidity  we  found  no  difference, 
securing  the  same  percentage  of  fat  in  each  case.  However,  the 
difference  in  acidy  was  only  slight.  Had  there  been  a  greater  dif- 
ference we  probably  would  have  secured  cream  of  a  different  per 
cent,  fat  in  each  case,  as  the  tendency  of  ripe  milk  Is  to  clog  up  the 
separator,  producing  a  heavier  and  heavier  cream  until  such  time 
as  the  separator  will  clog  up  entirely. 
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SUMMARY. 


To  sum  up  the  experiment,  then,  we  have  the  following  factors 
vhich  produce  cream  of  a  varying  percentage  of  butter  fat: 

1.  Varying  temperature  of  milk  separated. 

2.  High  or  low  speed  of  separator  crank,  or  speed  of  separator 
bowl. 

,         3.     Varying  rate  of  inflow  of  milk. 

I        4.     Milk  of  varying  butter  fat  content. 

►         5.     Amount  of  skim  milk  or  water  used  to  flush  the  bowl. 

•         6.     The  acidity  of  the  milk  separated. 

7.     Irregular  speed  of  separator. 

It  is  thus  evident  that  even  with  the  same  separator  and  the 
same  cows  the  percentage  of  fat  in  the  cream  may  vary  slightly  or 
may  vary  considerably  from  day  to  day. 
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.  LETTER  OF  TRANSMITTAL. 


Bozeman,  Montana,  December  31,   1907. 
To  His  Excellency,  Joseph  K.  Toole, 

Governor  of  Montana. 
Dear  Sir, — In  accordance  with  the  Congresional  Acts  of  March 
2,  1887,  and  March  16,  1906,  I  have  the  honor  to  transmit  herewith 
the  thirteenth  annual  report  of  the  Montana  Experiment  Station. 
The  financial  statement  is  for  the  year  ending  June  30,  1907,  the 
results  of  investigations  of  the  several  departments  are  reported  to 
the  end  of  the  State  year,  November  30,  1907. 

Very  Respectfully, 

F.  B.  LINFIELD, 

Director. 
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REPORT  OF  TREASURER. 

The  Experiment  Station  of  the  Agricultural  College  of  the  State  of 

Montana  in  account  with  the     United     States     appropriation, 

1 906- 1 907. 

Hatch  Fund  Adams  Fund 

Dr.  ""; 

To  receipts  from  the  Treasurer  of  the  United 
States  as  per  appropriations  for  fiscal 
year  ended  June  30,  1907,  under  acts  of 
Congress  approved  Mar.  2,  1887  (Hatch 
Fund),  and  March  16,     1906,     (Adams 

Fund $15,000.00  $7,000.00 

Cr. 

By    Salaries    $  9,447.26  $4,015.00 

Labor 1,598.66  68(^1.44 

Publications 1,137.71 

Postage  and  stationery ...        409.98  16.30 

Freight  and  express 427.43  124.98 

Heat,  light,  water,  and  power 580.20  9.55 

Chemical  supplies 175.66  25.55 

Seeds,  plants  and  sundry  supplies i/0.2^ 

Fertilizers    40.00  

Feeding  stuffs 

Library ,    128.41  172.89 

Tools,  Impliments,  and  machinery  ....        465.59  37-^^ 

Furniture  anl  fixtures 215.44  137-25 

Scientific  apparatus 358.66  961 .28 

Live  stock 

Traveling  expenses 305 .90 

Contingent  expenses 15.00  

Buildings  and  land 337-55 

Balance   .05 


Total $15,000.00        $7,000.00 


We,  the  undersigned,  duly  appointed  Auditors  of  the  Corpor- 
ation, do  hereby  certify  that  we  have  examined  the  books  and  ac- 
counts of  the  Experiment  Station  of  the  Agricultural  College  of  the 


State  of  Montana,  for  the  fiscal  year  ended  June  30,  1907;  that  we 
have  found  the  same  well  kept  and  classified  as  above;  that  the  re- 
ceipts for  the  year  from  the  Treasurer  of  the-United  States  are  shown 
to  have  been  $15,000.00  under  the  Act  of  Congress  of  March  2,  1887, 
and  $7,000.00  under  the  act  of  Congress  of  March  16,  1906,  and  the 
corresponding  disbursements  $15,000.00  and  $6,99.95;  for  all  of  which 
proper  vouchers  are  on  file  and  have  been  by  us  examined  and  found 
correct,  thus  leaving  balances  of  $no  and  $.05. 

And  we  further  certify  that  the  expenditures  have  been  solely 
for  the  purposes  set  forth  in  the  acts  of  Congress  approved  March 
2,  1887,  and  March  16,  1906,  and  in  accordance  with  the  terms  of 
said  acts,  respectively. 

Signed, 

E.  B.  LAMME     | 


Auditiors 


JOHN  M.  ROBINSON     1 
Attest: 

GEO.  COX,  Custodian. 


SUPPLIMENTARY  STATEMENT 


EXPERIMENT  STATION  MISCELLANEOUS  FUND 


Dr. 

To  receipts  from  other  sources  than 
the  United  States  for  the  year 
ended  June  30,  1906   

Or. 

By  Salaries 

Labor  

Publications 

Postage  and  stationery  

Freight  and  express 

Heat,  Light,  water  &  power 

Chemical  supplies 

Seeds,  plants  &  sundry  supplies . . 

Fertilizers 

Feeding  stufts 

Library 

Tools,  implimen^s  and  machinery. 

Furniture  and  fixtures 

Scientific  apparatus 

Live  stock 

Traveling  expenses   

Contingent  expenses   

Buildings   and   land    

Balance 


State 


$9790.00 


Individ- 
uals 

$2401 . 82 


Farm       Total 

I     Pro- 
ducts 

$5982.68|$18174.64 


3498.70 

119.28 

96.56 

245.06 

675.61 

497.91 

• 

234.48 
5.00] 
1762.92 
152.85 
214.47 
643.00 
873.69 
219.21 
551.40 


1505.51 


38.25 


54.90 


$1000.00 
1797.67 


184.95 

135.18 

477.08 
5.95 


637.96 
253.751 


1390. 5u 
441.48 

461.32 


1000.00 

6801.88 

119.28 

96.56 

283.31 

675.61 

1190.71 

488.23 

5.00 

1947.87 

152.85 

349.66 
2033.50 
1792.25 

225.16 
1012 . 72 
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REPORT  OF  THE  DIRECTOR 

INTRODUCTION. 

During  the  past  year  substantial  progress  was  made  in  all  de- 
partmtents  of  the  Experiment  Station  work.  At  the  beginning  of  the 
year  a  man  was  placed  in  charge  of  the  Animal  Industry  work,  giv- 
ing his  whole  time  to  this  department,  so  that  now  all  divisions  of 
our  technical  agricultural  work  are  on  a  strong  basis  and  prepared  to 
push  their  work. 

The  state  legislature  contributed  generously  towards  our 
needs  last  winter,  increasing  our  maintenance  fund  from  $5,000.00 
to  $7,500.00  per  year,  and  the  dry  land  fund  from  $1,000.00 
to  $3,000.00  per  year. 

Two  sub-stations  also  were  established;  one  a  dry  farm 
station  and  the  other  an  horticultural  sub-station  and  $1,000  per 
year  for  each  was  appropriated ;  but  to  start  and  equip  these  stations 
properly  will  cost  much  more  than  the  sums  given. 

The  agricultural  building,  for  which  an  appropri  ition  of 
$80,000.00  was  given  by  the  legislature,  will  also  improve  the 
facilities  of  the  agricultural  departments  of  the  Statioin.  But  little 
use  can  be  made  of  this  building  before  the  close  of  next  year's 
work. 

Another  very  beneficial  move  for  which  we  have  to  thank  the 
Executive  Board,  was  the  securing,  with  the  approval  of  the  State 
Board  of  Education,  of  an  option  on  the  160  acres  of  land  ad- 
joining the  Station  farm  to  the  south.  This  land,  which  is  all  under 
the  ditch,  doubles  our  farm  land  and  makes  it  possible  for  us  to 
grow  all  our  own  feed,  and  thus  cure  it  in  the  best  possible  way  for 
our  feeding  experiments. 

While  our  funds  have  increased  and  additional  help  has  been 
provided,  yet  the  demands  for  help  and  the  needs  of  the  work  has 
increased  even  more  rapidly,  so  that  we  are  at  all  times  unable  to 
take  hold  of  many  of  the  problems  pressing  upon  us.  We  are, 
however,  endeavoring  to  make  a  selection  of  the  .problems  that  we 
hope  will  be  of  the  greatest  permanent  good  to  the  state,  and  doing 
our  best  to  solve  and  extend  our  knowledge  about  them.     What 
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the  lines  of  work  are  I  will  endeavor  to  present  later  in  this  report. 

Three  years  ago  we  took  up  the  study  of  dry  farm  problems  in 
several  parts  of  the  state.  The  demand  for  definite  information  on 
this  subject  during  the  past  years,  both  from  the  older  settlers,  and 
especially  from  the  newer  settlers  of  the  state,  has  shown  conclu- 
sively that  we  took  up  this  work  none  too  soon.  The  general 
agitation  over  the  country  on  dry  farming  during  the  past  few 
years  ,together  with  a  new  trans-continental  railway  crossing  the 
state,  has  brought  thousands  of  people  to  Montana,  many  of  whom 
are  spreading  out  over  the  dry  bench  lands.  These  people  are 
meeting  with  a  type  of  agriculture  in  which  the  emphasis  has  to  be 
put  on  moisture  and  water  supply  for  the  soil,  rather  than  upon 
fertility  which  is  the  prominent  feature  in  the  east. 

There  is  need  for  the  continuation  for  several  years  of  investi- 
gations as  to  the  best  practices  in  dry  farming,  and  it  would  also  be 
cU  sirablc  if  funds  could  be  found  to  operate  several  demonstration 
farms  w^hich  should  be  run  to  show  how  to  handle  the  dry  farm  so 
as  to  get  profitable  results.  These  farms  should  be  •  for 
instruction,  not  for  experiment. 

There  is  also  a  demand  and  a  necessity  for  demonstration  or 
iiiStruction  farms  in  connection  with  the  irrigation  projects  of  the 
United  States  Reclamation  Service.  A  large  number  of  people  are 
coming  from  the  east  and  settling  on  these  lands  and  they  know  but 
little  about  how  to  lay  out  and  irrigate  their  farms,  and  the  results 
are  going  to  be  very  discouraging  unless  some  instructicj)  can  l)e 
given  them  in  the  field.  It  would  be  a  good  invcstniciu  for  the 
state  and  also  for  the  counties,  to  appropriate  funds  for  this  purpose 
for  two  or  three  years,  as  such  a  policy  would  hasten  the  settle- 
ment of  these  tracts  and  help  the  people  to  realize  larc^cr  returns 
£nd  both  of  these  points  would  increase  the  revenue  of  the  county 
or  state  by  much  more  than  the  amount  that  this  instruction  would 
cost. 

These  demonstration  farms  should  not  be  operated  for  experi- 
ment purposes  to  work  out  new  agricultural  facts,  but  sltould  apply 
known  principles  to  practical  agricultural  work  on  the  farm, 
'i  hese  farms  should  not  be,  nor  be  called  experiment  farms,  but 
demonstration  farms. 
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IMPROVEMENTS 

During  the  year  a  horse  bam  40  by  85  feet  was  constructed. 
This  is  a  frame  building,  two  stories  with  a  gamble  roof.  On  the 
first  floor  are  fourteen  single  stalls  anl  three  large  box  stalls.  One 
end  of  the  barn,  18x40  feet,  is  used  for  carriages.  The  passag:s  are 
floored  with  cement,  and  the  stalls  with  plank  laid  on  cement  grout- 
ing. On  the  second  story  is  ample  storage  for  hay,  bedding  and 
grain.    The  cost  of  this  building  completed  was  about  $6,000.00. 

The  old  horse  barn  was  divided  into  two  parts,  the  logs  re- 
moved and  the  roof  and  frame  moved  west  of  the  Poultry  yards, 
and  they  have  made  two  very  good  bull  sheds.  Suitable  yards 
were  also  built  for  the  bulls,  these  being  made  very  strong  and  sub- 
stantial.   The  cost  of  these  improvements  was  about  $1,000.00. 

The  securing  of  the  extra  160  acres  of  land  made  it  necessary 
to  purchase  additional  farm  machinery,  and  an  extra  team  of  horses. 
The  cost  of  these  additions  was  about  $1,000.60.  As  the  nucleus 
01  a  beef  herd  of  grade  cattle,  fifteen  high  gjade  Shorthorn  and 
Hereford  heifers  were  purchased  during  the  fall,  and  these  will  be 
used  to  raise  steers  for  our  feeding  experiments.  They  cost  about 
$300.00  for  the  lot. 

These  improvements  amounting  to  a  total  of  $2,300.00,  ^vere 
paid  for  from  the  income  of  the  farm. 

8UB-8TAT10N8 

The  dry  farm  sub-stations  started  in  co-operation  with  the 
Northern  Pacific  and  Great  Northern  railways  were  continued  last 
year.  The  railways  contributed  $3,000.00  and  $2,000.00  respective- 
ly to  this  work  besides  giving  free  transportation  to  the  men  looking 
after  the  work  and  for  the  seeds  and  implements  used.  The  work 
has  been  carried  on  in  the  same  places  as  last  year,  viz.:  north  of 
Glendive,  near  Forsyth,  in  the  Lake  Basin  north  of  Billings,  and 
en  the  Fort  Ellis  Military  Reservation  near  Bozeman.  In  the 
northern  part  of  the  state,  work  was  continued  north  of  Harlem 
and  near  Shelby  and  another  station  was  started  near  Great  Falls. 
All  these  are  temporary  sub-stations  to  work  out  some  special 
problems.     To  this  work  the  state  gave  $3000.00  for  the  year. 

Last  year  a  new  departure  was  made  by  the  legislature  in  es- 
tablishing two  permanent  substations,  one  of  these  for  dry  farm  ex- 
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periments  in  Fergus  County  and  the  other  for  horticultural  experi- 
ments in  the  Bitter  Root  valley.  One  thousand  dollars  per  year 
was  appropriated  for  each  station,  but  it  was  also  provided  that  the 
people  of  the  district  were  to  furnish  the  land  necessary  free  of 
cost  to  the  state. 

It  is,  of  course,  very  evident  that  to  thoroughly  equip  and  start 
a  large  series  of  experiments,  the  funds  appropriated  for  these  sub- 
stations is  wholly  inadequate.  For  the  Fergus  county  sub-station 
Mr.  H.  H.  Hobson  of  Lewistown  guaranteed  $2500.00  for  the  equip- 
ment of  the  station.  The  Experiment  Station  and  the  state  are 
under  many  obligations  to  Mr.  Hobson  for  his  generosity  in  Lhis 
matter  as  without  his  help,  the  co-operation  with  the  U.  S.  Depart- 
ment of  Agriculture  could  not  have  been  secured  and  we  could  not 
have  properly  started  the  work  at  this  station.  This,  however,  will 
not  provide  all  that  is  needed,  and  at  least  $2500.00  additional  must 
be  raised.  The  funds  provided  by  the  state  will  pay  for  scarcely 
more  than  the  labor  to  be  done  and  gives  nothing  for  superin- 
tendence, farm  machinery,  buildings,  etc. 

The  Bureau  of  Plant  Industry  of  the  U.  S.  Department  of 
Agriculture  has  agreed  to  co-operate  with  us  at  this  station  to  the 
extent  of  paying  a  superintendent,  but  this  will  increase  the  labor 
to  quite  an  extent,  and  it  also  made  necessary  the  investment  of 
larger  amounts  in  the  buildings  and  equipment. 

For  the  horticultural  sub-station,  as  the  land  was  quite  a  small 
area,  viz.:  15  acres,  and  the  work  of  starting  was  largely  delayed 
until  the  second  year,  and  as  much  less  details  have  to  be  attended 
to  at  the  start,  it  will  be  possible  to  organize  this  work  on  the  funds 
appropriated. 

While  it  has  been  more  by  good  luck  than  good  planning,  yet 
it  we  are  to  have  permanent  sub-stations  I  believe  no  better  points 
•could  have  been  selected.  The  station  in  Fergus  county,  located  in 
the  center  of  the  Judith  Basin,  represents  quite  close  to  average 
dry  farm  conditions  for  the  state  and  is  also  close  to  the  geographical 
center  of  the  state.  The  results  of  dry  farm  tests  here  would  repre 
sent  close  to  the  average  that  would  be  obtained  over  the  state. 

There  was  also  real  need  for  an  horticultural  sub-station,  as  the 
central  station  at  Bozeman  did  not  represent  what  could  be  done 
at  the  more  favorable  fruit  areas  of  the  state. 

At  this  point,  however,  I  would  like  to  urge  that  no  more  per- 
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manent  sub-stations  be  established  for  the  present.  To  equip  such 
stations  properly  calls  for  large  expense,  and  if  the  work  is  car- 
ried on,  on  a  basis  that  will  insure  reliable  and  valuable  results,  rhe 
cost  of  maintenance  is  also  going  to  be  large.  The  almost  universal 
experience  has  been  that  with  a  multiplicity  of  stations  so  much 
funds  is  tied  up  in  the  plant  and  is  needed  for  its  maintenance,  that 
but  little  is  left  over  for  doing  the  real  experimental  work.  With- 
out exception  best  results  have  been  obtained  when  the  funds  are 
concentrated  into  as  few  stations  as  it  is  possible  to  do  the  work 
required.  The  above  does  not  apply  to  temporary  sub-stations 
where  the  investment  in  the  plant  is  small  and  wol'k  along  a  nar- 
row line  is  carried  on  for  a  few  years  to  study  Iqcal  problems  and 
conditions. 

These  temporary  sub-stations  frequently  partake  more  cf  vhc 
nature  of  demonstration  farms  where  the  results  of  the  central  sta- 
tion may  be  brought  close  home  to  the  farmers  of  the  locality.  Such 
farms  are  educational  rather  than  experimental  in  their  character  and 
logically  belong  to  the  extensioin  department  of  the  college  work 
rather  than  to  the  experim/ent  station  department. 


CO-OPERATIVE  EXPERIMENTS. 

The  work  of  the  station  has  been  extended  and  helped  very 
materially  during  the  past  year  due  to  co-operation  with  the  rail- 
ways of  the  state  and  with  the  U.  S.  Department  of  Agriculture 
Both  the  Northern  Pacific  and  the  Great  Northern  railwavs  con- 
tinned  their  help  towards  the  dry  farm  experiments,  contributing 
between  them  over  $5,000.00  beside  free  transportation  for  men  and 
material  used  in  the  work. 

Co-operative  work  has  also  been  undertaken  with  the  Bureau 
of  Plant  Industry  in  three  directions:  first,  on  methods  of  cr^pninjr 
and  cultivation  on  dry  land;  second,  on  testing  of  varieties  of  giains 
and  seeds  on  dry  land;  and  third,  on  testing  and  the  imprc\enient 
cf  sugar  beets  on  dry  land.  This  co-operative  work  it  will  be  no- 
ticed is  almost  wholly  in  the  Agronomy  department  and  for  tests 
in  dry  farming,  and  has  thus  very  materially  helped  our  work  in 
this  direction. 
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NEEDS  OF  THE  STATION 

The  last  state  legislature  made  generous  provision  for  enlarged 
and  improved  quarters  for  the  work  of  the  Experiment  Station  as 
well  as  for  the  agricultural  work  of  the  college.  The  appropriation 
for  the  new  agricultural  building,  for  live  stock  and  for  improve- 
ments, has  been  and  will  be  a  very  great  help.  Through  the  mistake 
of  a  clerk  in  the  Senate,  however,  $7,000.00  given  for  improvements 
and  repairs,  was  lost  from  the  bill  We  planned  to  use  this  amount 
to  improve  our  quarters  for  sheep  and  steer  feeding.  We  hope  this 
sum  may  be  replaced  by  the  next  legislature. 

Additional  shed  room  for  the  farm  impliments  and  for  young 
stock  and  bulls  is  also  needed,  in  addition  to  more  yards  strongly 
fenced.  Some  additions  should  also  be  made  to  the  poultry  plant 
to  give  larger  and  better  space  for  the  incubators  and  the  storage 
of  feed  and  supplies. 

With  the  agricultural  development  of  the  state  there  is  a  rapid 
increase  in  the  demands  upon  the  Experiment  Station,  so  that  there 
is  a  constant  need  for  gradually  increasing  appropriations  from  the 
state  for  the  maintenance  of  this  work. 

STATION    STAFF. 

The  only  important  change  in  the  station  staff  for  the  past  year 
was  in  the  chemical  department.  The  chemist.  Prof.  V.  K.  Ches- 
nut,  resigned  on  August  31,  1907,  to  take  up  work  in  the  U.  S.  De- 
partment of  Agriculture,  at  Washington,  D.  C,  and  Mr.  Edmund 
Burke,  assistant  chemist,  was  placed  in  charge  of  the  station  chem- 
ical laboratory,  giving  his  full  time  to  this  work. 

Mr.  Frank  Ham  who  was  also  assistant  chemist,  drops  the  stat- 
tion  work  and  will  give  his  whole  time  to  the  college. 

In  the  engineering  department,  Mr.  A.  P.  Anderson  resigned  as 
assistant  and  Mr.  R.  D.  Kneal  of  the  Purdue  University  takes  his 
place. 

Mr.  H.  O  Buckman  of  the  Iowa  State  College  was  engaged  as 
assistant  agronomist  and  will  give  all  his  time  to  Adams  problems. 

AGRICULTURAL   EXTENSION   WORK 

The  demands  for  information  on  agricultural  topics  from  all 
parts  of  the  state  is  growing  rapidly  and  the  weight  of  the  work 
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in  connection  with  these  demands  falls  upon  the  members  of  the 
Experiment  Station  staff.  This  is  no  less  true  of  the  Farmer's  In- 
stitute, work,  which  is  organized  under  a  separate  board,  than  of 
other  phases  of  Institute  work. 

We  are,  I  believe,  approaching  a  time  when  this  work  could  with 
advantage  be  organizied  under  a  separate  department. 

THE  FARMER'S  INSTITUTES 

Very  substantial  increases  were  made  by  the  legislature  for 
the  Farmers'  Institutes,  the  appropriation  being  increased  from 
$4,00000  to  $7,500.00  per  year  This  made  possible  the  engaging 
of  a  superintendent  to  relieve  the  Director  of  very  much  of  the  de- 
tail of  this  work.  Prof.  F.  S.  Cooley  of  the  Massachusetts  Agricul- 
tural College,  was  engaged  and  started  to  work  on  September  t 
1907.  This  arrangement  will  also  relieve,  to  a  considerable  extent, 
other  members  of  the  station  staff,  so  that  I  believe  it  will  be  possi- 
ble to  reduce  the  time  demanded  of  any  member  to  not  more  than 
two  Weeks  for  the  year.  This,  of  course,  does  not  include  special 
meetings  which  the  station  men  are  called  to  attend'for  a  day  or  two 
ai  a  time. 

With  a  man  giving  his  full  time  to  the  institute  work  we  hope 
to  see.it  expand  and  broaden  on  a  truly  agricultural  extension  basis 
and  thus  be  as  useful  as  possible  to  all  the  farming  population  of 
the  state. 

TEISTS  AND  DEMONSTRATIONS 

By  reason  of  our  work  and  equipment,  a  large  amount  of  worK 
comes  to  the  various  departments  which  has  no  relation  to  any  prob- 
lem under  investigation.  The  work  called  for  has  generally  an 
economic  or  other  value  to  the  individual,  the  company,  or  the  com- 
munity sending  the  request.  It  is  essentially  the  getting  of  in- 
formation of  value  to  the  inquirer  and  has  generally  no  value  in  ex- 
tending our  fundamental  knowledge  of  agricultural  problems.  It 
is  thus  extension,  not  experimental  work.  In  addition  to  the  kinds 
of  work  listed  under  this  head  last  year,  we  had  this  year  a  large 
number  of  tests,  to  determine,  suspected  cases  of  human  diseases  and 
some  of  diseases  of  domestic  animals. 
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CORRESPONDENCE 

The  correspondence  of  the  various  departments  continues  to  in^ 
crease  year  by  year.  For  the  past  year  6,554  letters  were  answered. 
The  great  amount  of  this  correspondence  is  in  answer  to  inquiries 
for  informatioin  on  a  multitude  of  agricultural  topics.  Most  of 
these  letters  are  in  no  way  along  any  lines  of  work  we  are  doing,  but 
the  inquiries  are  for  information  in  the  general  agricultural  field. 

While  most  of  the  letters  may  be  readily  answered,  others  re- 
quire considerable  research  in  the  library.  From  one-hal:  month 
to  nearly  two  months'  time  during  the  year  is  given  to  this  corres- 
pondence by  the  various  departments. 

The  letters  sent  out  by  each  department  are  as  follows  •  Chem- 
ical department  546,  Biology  department  750,  Agronomy  department 
1,186,  Dairy  Department  1,320,  Horticultural  department  725  Ani- 
mal Industry  department  400,  Engineering  department  45  ^.,  Direc- 
tor office,  1,151. 

WORK  OF  THE   DEPARTMENTS. 

There  has  been  no  break  in  the  work  outlined  by  thj  various 
departments  during  the  previous  year.  The  few  changes  in  i.he 
staff  have  in  no  wise  affected  the  continuation  of  the  work  on  hand, 
but  the  various  projects  are  moving  on  towards  completion.  With 
the  agricultural  development  of  the  state  there  is  an  ever  increasing 
pressure  to  take  up  new  problems  and  it  is  not  at  all  times  an  easy 
matter  to  decide  what  shall  be  done  and  what  left  undone.  There 
is,  too,  the  constant  danger  of  attempting  to  do  too  many  things  with 
the  resulting  evils. 

The  Biological  department  has  kept  its  lines  of  work  well  in 
hand  during  the  year.  The  weight  of  the  energy  of  the  depart- 
ment has  been  devoted  to  the  two  Adams  problems  and  very  satis- 
factory progress  has  been  made. 

Under  the  Hatch  fund  studies  have  been  completed  with  the 
red  fir  cone  moth,  and  th-e  results  have  been  published  in  Bulletin 
No.  70.  During  the  year  the  assistant  botanist  has  made  an  ex- 
tensive canvas  of  the  state  for  plant  diseases.  Apple  scab  has  f.ecn 
found  in  two  places  and  is  quite  plentiful  around  the  northern  half 
of  Flathead  Lake. 

The  black  spot  canker  of  apple  has  been  found  in  the  Bitter 
Root  and  Yellowstone  valleys. 
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Pear  blight  has  been  located  in  Ravalli  and  Missoula  counties 
and  also  in  Sanders  county. 

These  diseases  have  been  reported  to  the  State  Board  of  Horti- 
culture and  measures  recommended  for  their  eradication  or  control. 

In  addition  to  the  above  the  department  has  spent  consider- 
able time  in  work  of  a  general  inspection  or  educational  character, 
assisting  and  advising  with  the  State  Board  of  Horticulture,  identi- 
fying plants  and  seeds,  diseases  of  plants  and  insects,  and  also  a 
large  number  of  bacteriological  diagnoses  for  human  and  domestic 
;^nimal  diseases. 

The  department  of  Agronomy  has  been  working  along  lines 
similar  to  those  of  the  year  before,  though  intensifying  this  work 
in  some  directions.  Variety  tests  have  been  continued  with  wheat, 
oats,  barley,  peas,  alfalfa,  clover  and  potatoes.  Another  season  \^^ll 
practically  close  the  tests  with  most  of  the  cereals,  when  work  will 
be  taken  up  to  improve  the  best  of  the  varieties.  Interesting  results 
have  been  also  obtained  in  relation  to  the  time  and  amount  of  seed- 
ing and  after  another  year's  test  reports  will  be  made  on  this  work. 

The  dry  farm  investigations  have  progressed  far  enough  to  re- 
move all  doubt  as  to  the  successful  and  profitable  cropping  of  tlie 
level  non-irrigated  lands  of  several  sections  of  the  state.  Substan- 
tial progress  has  also  been  made  in  determining  what  methods 
should  be  followed  to  get  these  results.  There  are  many  questions 
yet  to  be  worked  out  along  this  line  looking  towards  more  economic 
results  and  the  greatest  possible  permanency  in  this  method  of  agri- 
culture. 

The  problems  under  the  Adams  funds  have  been  substantially 
advanced  during  the  year,  and  the  results  so  far  obtained  promise 
very  valuable  additions  to  our  knowledge  and  control  over  the  mois- 
ture and  the  nitrates  of  the  soil. 

The  head  of  the  Dairy  department  devotes  considerable  of  his 
time  to  agricultural  extension  work,  in  Farmers'  Institutes,  and  to 
instruction  to  creameries  and  its  patrons  and  to  the  study  of  dairy 
herds  of  the  state.  A  study  of  the  milking  machine  was  started 
and  continued  during  the  year  and  some  initial  tests  made  on  the 
melting  point  of  butter 

The  principal  work  of  the  Horticultural,  department  has  been 
in  the  study  of  cultural  methods  and  variety  tests  of  vegetables, 
fruits  and  ornamental  trees  and  shrubs.     Some  results,  especially 
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with  tomatoes,  promise  much  for  success  with  this  crop  in  our  higher 
valleys.  A  beginning  has  been  made  in  the  study  of  native  fruits 
and  ornamental  shrubs.  It  is  hoped  by  selection  and  crossing  to 
find  some  varieties  that  will  be  valuable  additions  to  those  aire  uly 
grown  in  the  state. 

Th-e  fruit  survey  of  the  state  was  continued  in  the  Flathead 
and  Clark's  Fork  valleys. 

Interesting  and  valuable  results  were  obtained  in  thinning  fruit 
in  orchards  in  the  Bitter  Root  valley. 

The  larger  proportion  of  the  work  of  the  department  of  Rural 
Engineering  for  the  year  was  done  in  various  parts  of  the  state  and 
not  at  the  Station.  The  most  of  this  work  was  carried  on  under 
Adams  funds.  The  first  stage  in  the  series  of  drainage  investiga- 
tions that  have  been  carried  on  have  been  practically  concluded  and 
the  results  are  now  being  prepared  for  publication.  There  are  yet 
a  few  phases  of  this  subject  to  be  studied  but  these  will  be  reported 
on  later. 

In  following  up  the  studies  on  the  control  of  seepage,  attenvion 
was  called  to  the  disintegration  of  cement  in  alkali  soils.  A  bulle- 
tin, Number  69,  has  been  published,  giving  the  preliminary  studies 
on  this  problem. 

The  head  of  the  chemical  department  resigned  on  A'lgust  31, 
1907,  but  the  work  was  continued  under  the  direction  of  Mr.  Burke 
the  assistant  who  has  been  connected  with  the  department  for  sev- 
eral years.  The  department  has  gotten  through  a  larger  amount- 
of  work  than  for  several  years  passed.  In  the  special  work  of  the 
department  384  samples  were  analyzed,  calling  for  1180  determin- 
ations, besides  273  determinations  in  the  egg  hatching  experiment. 
I'or  the  Rural  Engineering  department.  123  samples  were  analyzed, 
requiring  405  Heteiminations,  and  for  other  depart nicnt.s  8  samjiles 
with  20  determinations. 

Investigiations  carried  on  during  the  year  in  the  study  of  vine- 
gars and  canned  meats  have  been  completed  and  the  material  is 
being  prepared  for  publication. 

Considerable  of  the  time  of  the  department  was  given  to  co- 
operative work  with  other  departments.     With  the  U.  S.   Bureau 
of  Plant  Industry,  and  the  Agronomy  department  of  the  station 
M'ork  was  carried  on  with  sugar  beet  improvement.     Co-operative 
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*.voik  was  albo  undertaken  with  Adams  problems  initiated  by  the 
engineering  and  agronomy  departments. 

Prof.  R.  W.  Clark  took  hold  of  the  Animal  Industry  department 
at  the  beginning  of  the  year  and  has  been  gradually  getting  the 
work  well  in  hand.  Feeding  experiments  with  a  car  load  of  steers 
has  been  continued  and  some  results  are  ready  for  publication.  An 
extensive  series  of  experiments  with  hogs  have  been  carried  on  Jur- 
mg  the  year. 

With  the  college  and  dairy  herd  a  complete  feeding  reconl  13 
being  kept  and  from  this  the  cost  of  production  with  the  growing 
animal  and  of  its  milk'  is  being  determined. 

The  Poultry  department  is  supported  wholly  by  state  and  in- 
come funds.  The  endeavor  has  been  to  build  up  an  economic  flock. 
Trap  nests  have  been  used  and  records  made  of  the  number  of  eggs 
laid.  All  the  feed  given  to  the  various  pens  has  also  been  weighed. 
By  studying  the  cost  of  feeding  and  the  egg  record  of  each  fowl, 
we  expect  by  raising  our  stock  from  the  best  layers  to  build  up  lay- 
ing strains  of  the  various  breeds. 

MAILING   LIST. 

The  bulletin  mailing  list  of  the  Station  continues  to  grow  and 
now  numbers  6,200  names.  About  3,288  copies  ol  the  bulletins  are 
distributed  in  the  state,  about  800  are  sent  to  other  states,  85  to 
foreign  countries  and  about  2,000  are  sent  to  officers  in  other  experi- 
tnent  stations  of  the  country  and  to  the  United  States  Department 
of  Agriculture. 

PUBLICATIONS  OP  THE  YEAR. 

Five  bulletins  and  the  Fourteenth  Annual  Report  were  publish- 
ed the  past  year.  These  contain  186  pages  of  printed  matter  anJ 
21  full  page  plates. 

Bulletin  No.  67: — Practical  Beekeeping  by  Ralph  Benton  under 
the  direction  of  R.  A.  Cooley,  Entomologist.  This,  as  its  name  in- 
dicates, is  a  practical  manual  on  beekeeping,  adapted  to  Montana 
conditions.  Woven  into  the  text  of  this  bulletin  is  the  results  of 
several  years  observations  and  tests  at  the  Montana  Station.  This 
Bulletin,  therefore,  presents  valuable  information  for  the  beginner 
in  beekeeping  in  Montana.     Seventy-six  pages  and  8  plates. 
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Bulletin  No.  68 — Canadian  Field  Peas  by  A.  Atkinson,  Agrono- 
niist.  This  is  a  popular  writeup  of  the  Canadian  field  pea,  as  adapt- 
ed to  the  Montana  irrigated  farm.     Ten  pages  and  three  plates. 

BuUetn  No..  69.— The  Effect  of  Alkali  on  Portland  Cement, 
by  E.  Tappan  Tannatt,  Rural  Engineer,  and  Edmund  Eurke,  Chem- 
ist. This  bulletin  presents  the  results  of  observations  made  on  the 
disintegration  of  Portland  cement,  and  the  results  of  preliminary 
studies  that  indicate  that  alkali  is  the  cause  of  the  trouble.  Thirty 
pages  and  9  plates. 

Bulletin  No.  70. — ^The  Douglas  Fir  Con«  Moth,  by  R.  A.  Cooley, 
Entomologist.  This  is  a  record  of  observations  and  studies  of  a 
moth  which  feeds  on  the  cones  and  seeds  of  the  Douglas  Fir,  prac- 
tically destroying  95  per  cent  of  the  seeds  of  this  tree  in  the  neigh- 
borhood of  the  Gallatin  valley.     8  pages  and  one  plate. 

Bulletin  No.  71. — The  Fifth  Annual  Report  of  the  State  Ento- 
mologist. This  is  a  brief  report  on  the  work  of  the  year,  together 
with  notes  on  the  insects  troublesome,  particularly  on  the  outbreak 
of  an  army  cut  worm  in  the  Gallatin  valtey,  and  miscellaneous  notes 
on  the  same  species  in  other  parts  of  the  state  for  the  season  of 
1907.    24  pages.    , 

The  Fourteenth  Annual  Report. — This  is  the  report  of  the  Di- 
rector on  the  work  and  progress  of  the  year,  with  a  few  notes  on  the 
work  of  the  departments.  The  Meteorological  report  for  the  year  is 
given  a3  an  appendix  to  this  report.     32  pages. 
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LIST  OF  STATION  PUBLICATIONS. 

1.  Organization — Announcements. 

2.  Smuts  of  Wheat,  Oats  and  Barley. 

*  3.  Pig  Feeding. 

*  4.  Glanders. 

'•^  5.  First  Annual  Report,  Crop  Statistics  of  Gallatin  County. 

*  6.  Measurement  of  Water. 

*  7.  Small  Grains  and  Potatoes. 

*  8.  Second  Annual  Report — Crop  Statistics  of  Gallatin  County — 

Parasitic  Ictero — Hermaturia  of  Sheep. 

*  9.  Potatoes. 

*io.  Small  Grains,  Wheat,  Oats,  Barley. 

*ii.  Devices   for   Obtaining   a   Constant   Flow  in    Laterals   with 
Variable  Heads  in  the  Main  Canals  or  Reservoirs. 

12.  Third  Annual  Report,  Spaying  of  Mares. 

13.  Drinking  Water. 

14.  Montana  Swine  Feeding. 

15.  Larkspur  Poisoning  of  Sheep. 

16.  Fourth  Annual  Report. 

ly.  An  Army  Cut  Worm — The  Grain  Aphis. 

^18.  The  Alkali  Soils  of  Montana. 

19.  The  Sugar  Beet  in  Montana. 

*20.  Fifth  Annual  Report. 

*2i.  Sheep  Feeding. 

"^22,  Thirteen  Botanical  Subjects. 

*23.  Injurious  Fruit  Insects;  Insecticides;  Insecticide  Apparatus. 

*24.  Sixth  Annual  Report. 

*25.  Paris  Green,  and  London  Purple. 

*26.  Poultry  Raising. 

^2y,  Live  Stock  Feeding  Tests,  Beef  Cattle,  Lambs  and  Swine. 

*28.  Seventh  Annual  Report. 

'^'29.  Quantity  of  Water  L^sed  in  Irrigation. 

*30.  Weeds  of  Montana. 

31.  Report  of  Grazing  and  Feeding  Tests,  Beef  Cattle  and  Lambs. 

32.  Eighth  Annual  Report. 

33.  Sugar  Beets  in  Montana. 
"34.  Farmers'  Weirs. 
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35-  Report  of  Feeding  Tests. 

36.  Forage  Conditions  in  Montana. 

37.  Pork  Production  in  Montana. 

38.  Food  Adulterations. 

*39.  Sheep  Feeding  in  Montana. 

40.  Root  Crops  in  Montana. 

41.  Sugar  Beets,  (1902). 

42.  The  Codling  Moth. 
Ninth  Annual  Report. 

43.  Duty  of  Water. 

44.  Apple  Growing  in  Montana. 

45.  The  Loco,  and  Some  Other  Poisonous  Plants  in  Montana 

46.  Two  Insect  Pests. 

47.  Sheep  Feeding. 

48.  Steer  Feeding. 

49.  Contagious  Abortion  in  Montana. 

*SO.  Poultry   Management  and  Poultry  Diseases. 

51.  First  Annual  Report  of  the  State  Entomologist. 
Tenth  Annual  Report. 

52.  Sugar  Beets. 

53.  Creameries  and  Cheese  Factories. 

54.  The  Alkali  Soils  of  Montana. 

55.  Second  Annual  Report  of  the  State  Entomologis' 

*  Eleventh  Annual  Report. 

56.  Native  Economic  Plants  of  Montana. 
♦57.  Feeding  Pigs. 

*^8.  Fattening  Cattle.  ' 

*59.  Sheep  Feeding. 

*6o.  Onion  Culture. 

*6i.  Food  Adulterations. 

62.  Third  Annual  Report  of  the  State  Entomologist. 

*  Twelfth  Annual  Report. 

63.  Dry  Farming  in  Montana. 

♦64.  Fourth  Annual  Report  of  the  State  Entomologist. 

*65.  Seepage  and  Drainage. 

*66.  Orchard  Survey  in  the  Bitter  Root  Valley. 

*  Thirteenth  Annual  Report. 

67.  Practical  Beekeeping.  ; 
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68.  Canadian  Field  Peas. 

69.  The  Effect  of  Alkali  on  Portland  Cement. 

70.  The  Douglas  Fir  Cone  Moth. 

71.  The  Fifth  Annual  Report  of  the  State  Entomologist. 
The  Fourteenth  Annual  Report. 
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EXCHANGE  LIST. 

Agricultural  Eptiomist,  Spencer,  Indiana. 

American  Fancier,  New  York,  N.  Y. 

American  Farm  World,  Chicago,  111. 

American  Fertilizer,  Philadelphia,  Pennsylvania. 

American  Poultry  Advocate,  Syracuse,  N.  Y.  - 

American  Poultry  Journal,  Chicago,  Illinois. 

Beet  Sugar  Gazette,  Chicago,  Illinois. 

Belgrade  Journal,  Belgrade,  Montana. 

Better  Fruit,  Hood  River,  Oregon. 

Big  Timber  Pioneer,  Big  Timber,  Montana. 

Billings  Times,  Billngs,  Montana.  •••  • 

Bozeman  Chronicle,  Bozeman,  Montana. 

Butte  Inter-Mountain,  Butte,  Montana. 

Chicago  Daily  Drovers'  Journal,  Chicago,  Illinois. 

Chicago  Dairy  Produce,  Chicago,  Illinois. 

Chicago  Markets,  Chicago,  Illinois. 

Chinook  Opinion,  Chinook,  Montana. 

Coleman's  Rural  World,  St.  Louis,  Missouri. 

Cotton  Seed,  New  York  City,  N.  Y. 

Daily  Independent,  Helena,  Montana. 

Dairy  Record,  St.  Paul,  Minnesota. 

Dakota  Farmer,  Aberdeen,  S.  Dakota. 

Dillon  Examiner,  Dillon,  Montana. 

Dillon  Tribune,  Dillon,  Montana. 

Elgin  Dairy  R^eport,  Elgin,  Illinois. 

Farmers'  Advocate,  Winnipeg,  Manitoba. 

Fancy  Fruit,  North  Yakima,  Washington. 

Farmers'  Review,  Chicago,  Illinois. 

Farmers'  Tribune,  Sioux  City,  Iowa. 

Farm  Home,  Springfield,  Illinois. 

Farm  Journal,  Philadelphia,  Pennsylvania. 

Farm  Life,  Chicago,  Illinois.  ' 

Farm  Progress,  St.  Louis,  Mo, 

Farm  News,  Spring^eld,  Ohio. 

Farm  and  Stock,  St.  Joseph,  Missouri. 

Farm,  Stock  and  Home,  Mnneapolis,  Minnesota. 

Farm  Poultry,  Boston,  Mass. 
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Feather,  Washington,  D.  C. 

Fruit  Grower,  St.  Louiis,  Missouri. 

Furrow,  Moline,  Illinois. 

Gallatin  County  Republican-Courier,  Bozeman,  Montana. 

Garden  Magazine,  New  York,  N.  Y. 

Gem  State  Rural,  Caldwell,  Idaho. 

Gleanings   in  Bee  Culture,  Medina,  Ohio. 

Glen  dive  Independent,  Glendive,  Montana. 

Great  Falls  Weekly  Tribune,  Great  Falls,  ^lontana. 

Havre  Herald,  Havre,  Montana. 

Hoard's  Dairyman,  Fort  Atkinson,  Wisconsin. 

Home  and  Farm,  Louisville,  Ky. 

Hospodar,  Omaha,  Nebr. 

Independent,    Miles    City,    Montana. 

Illuminated  World  Life,  Minneapolis,  Minn. 

Independent  Farmer  &  Western  Swine  Breeder,  Lincoln,  Nebr. 

Irrigation  Age,  Chicago,  Illinois. 

Jersey  Bulletin,  Indianapoliis,  Indiana. 

Kansas  Farmer,  Topeka,  Kansas. 

Kimball's  Dairy  Farmer,  Waterloo,  Iowa. 

Livingston  Post,  Livingston,  Montana. 

Madison   County  Monitor,  Twin  Bridges,  Montana. 

Madisonian,  Virginia  City,  Montana. 

Manhattan  Record,  Manhattan,  Montana. 

Market  Growers'  Journal,   Louisville,  Ky. 

Milk  River  Valley  News,  Harlem,  Montana. 

Minnesota  and  Dakota  Farmer,  Brookings,  S.  Dakota. 

Montana  Homestead,  Hinsdale,  Montana. 

Natonal  Grange,  Philadelphia,  Pennsylvania. 

National  Farmer,  St.  Louis,  Missouri. 

National  Farmer,  Winona,  Minnesota. 

Kortliwest  Poultry  Journal,  Salem,  Oregon. 

Northwest  Tribune,  Stevensville,  Montana. 

Northwestern  Stockman  and  Farmer,  Helena,  Montana. 

Nut-Grower,  Poulan,  Georgia. 

Orange  Judd  Farmer,  Chicago,  Illinois. 

Oregon  Agriculturalist,  Portland,  Oregon. 

Pacific  Coast  Fancier's  Monthly,  San  Jose,  California. 
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Pacific  Dairy  Review,  San  Francisco,  California. 
Pacific  Fruit  World,  Los  Angeles,  California. 
.    Pacific  Homestead,  Salem,  Oregon. 
Pacific  Poultryman,  Seattle,  Washington. 
Poultry  Herald,  St.  Paul,  Minnesota. 
Poultry  Husbandry,  Waterville,  New  York. 
Practical  Dairyman,  New  York,  N.  Y. 
Prairie  Farmer,  Chicago,  Illinois. 
Reliable  Poultry  Journal,  Quincy,  Illinois. 
Rocky  Mountain  Husbandman^  Great  Falls,  Montana. 
Republic,  St.  Louis,  Missouri. 
Rural  New  Yorker,  New  York,  N.  Y. 
Semi-Weekly  Missoulian,  Missoula,  Montana. 
Southern  Farm  Magazine,  Baltimore,  Maryland. 
Southern  Farmer  and  Breeder,  North  Fort  Worth,  Texas, 
Sugar  Beet,  Philadelphia,  Pa. 
Successful  Farming,  Des  Moines,  low^. 
Sheep  Breeder,  Chicago,  Illinois. 
Successful  Poultry  Journal,  Chicago,  Illinois. 
Stockgrowers'  Journal,  Miles  City,  Montana. 
Terry  Tribune,  Terry  Montana. 

Town  and  Country  Journal,  San  Francisco,  California. 
Tri-County  News,  Columbus,  Montana. 
Wallace's  Farmer,  Des  Moines,  Iowa. 
Weekly  Chroincle,  San  Francisco,  California. 
Western  News,  Libby,  Montana.  '. 

World,  Vancover,  B.  C,  Canada. 
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DONATIONS  AND  LOANS. 

Miller-Tyson  Company,  Ohio,  one  Pasturizer. 

Elo.  Ericson,  St.  Paul,  Minnesota,  A  weekly  sample  of  lactic 
acid  culture. 

Marshall  Dairy  Laboratory,  Madison,  Wisconsin — Samples  of 
cheese  color  and  rennet  tablets. 

The  following   seperator    companies    have    loaned    their  latest 
pattern  separators: 

The  Vermont  Farm  Machine  Co.,  Bellows  Falls,  Vt. 
The  Empire  Cream  Separator  Co.,  Bloomfield,  N.  J. 
The  DeLaval  Separator  Co.,  Chicago,  Illinois. 
The  Omego  Separator  Co.,   Lansing,   Michigan. 

W.  Atlee  Burpee  &  Sons. — Numerous  varieties  of  vegetable 
seeds. 

Bolgiana  &  Sons,  Baltimore,  Maryland. — Two  varieties  of  po- 
tatoes. 

Mr.  M.  Langohr,  Bozeman,  Montana. — Ornamental  plants. 

m 

W.  M.  Cooper  &  Nephews,  Chicago,  Illinois. — Gallon  spraying 
material.  & 

Stark  Brothers,  Louisiana,  Missouri. — Several  varieties  of  fruit 
trees. 
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METEOROLOGICAL  REPORT— 1907. 

During  the  past  year,  as  formerly,  a  record  has  been  kept  of  air 
temperature,  soil  temperature,  precipitation,  humidity,  wind  velo- 
city, wind  direction,  sunshine,  and  character  of  day,  and  all  notes 
are  transcribed  in  a  book  kept  for  that  purpose.  The  Twelfth  An- 
nual Report  defines  the  location  and  gives  a  description  of  the  ap- 
paratus used.  The  Thirteenth  Annual  report  gives  a  summary  by 
months  and  years  of  the  temperature,  precipitation,  character  of 
day  and  prevailing  wind  direction  for  the  years  1900  to  1906,  inclu- 
sive. In  order  to  keep  the  reports  uniform,  a  like  report  for  the 
year  1907  is  here  given. 

YEARLY    SUMMARY    FOR    1907. 

Highest   temperature    , 84        Au.  8,  14  17. 

Lowest  temperature -25         Jan.    14,    1907. 

Greatest  range  for  year   109  [ 

Highest  monthly  mean   73.7     July,   1907. 

Lowest   monthly   mean    2,8     Jan.  1907.  ^ 

Highest   daily   mean    68.5     August  8,  1907. 

Lowest  Daily  mean -19       Jan.  14,  1907. 

Mean  temperature  for  year 40.8  • 

Greatest  total  pptn.  for  i  mo 4-78  June 

Least  total  pptn.  for  i  mo 36  Nov. 

Total  rainfall 18.2  in 

Total  snowfall    47-25  in. 

First  killing  frost,  Aug.  19. 
Last  killing  frost,  June  14. 

Number  of  clear  days  in  the  year  1907  105 

Partly  cloudy  days   a2S 

Cloudy  days   32 

Days  with  .01  inch  or  more  pptn 93 
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WEATHER    RECORD   SUMMARY  BY  MONTHS 
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Bozeman,  Montana 
NOTICE. — The  Bulletins  of  the  Experiment  Station  wlH  be  mailed  free  to 
any  citizen  of  Montana  on  request.     Please  state  whether  all  publications  are 
desired  as  issued  or  only  those  specified.    Give  name  and  address  plainly. 
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LETTER  OF  TRANSMITTAL. 


/ 

p.  Bozeman,  Montana,  December  31,  1908. 

To  His  Elxcdlency,  Edwin  L.  Norris, 

Goviernor  of  Montana. 
Dear  Sir :  In  accordance  with  the  Congressional  Acts  of  March 
2,  1887,  and  March  .16,  1906,  I  have  the  honor  to  transmit  herewith 
the  fifteenth  annual  report  of  the  Montana  Experiment  Station. 
The  financial  statement  is  for  the  year  ending  June  30,  1908,  the 
results  of  investigations  of  the  several  departments  are  reported  to 
the  end  of  the  state  year,  November  30,  1908. 

Very  respectfully, 

F.  B.  LINFIELD, 

Director. 
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REPORT  OF  TREASURER. 

The  Experiment  Station  of  the  Agricultural  College  of  the  State  of 
Montana  in  account  with  the  United  States  appropriation, 
1907-1908: 

Hatch  Fund    Adams  Fund 
Dr. 

To  receipts  from  the  Treasurer  of  the  United 
States  as  per  appropriation  for  fiscal 
year  ended  June  30,  1908,  under  Acts  of 
Ciougress  approved  Mar.  2,  1887,  (Hatch 
Fund),  and    March    16,  1906,    (Adams 

Fund $15,000.00        $8,991;. 95 

Cr. 

By  Salaries $  7,850.00        $5,200.00 

Labor 3*798.25  1,284.38 

Publications 1,091.23 

Postage  and  stationery 393.24  14-25 

Freight  and  express 218.28  108.47 

Heat,  light,  water  and  power 103.04 

Chemical  Supplies 171 .  17  351 .99 

Seeds,  plants  and  sundry  supplies 349.82  451-97 

Fertilizers 

Feeding  Stuffs 

Library    305.00  18.39 

Tools,^  implements  and  machinery 122.02  242.93 

Furniture  and  fixtures 196.89  41.50 

Scientific  apparatus 39-71  680.45 

Live  stock 30 .  00 

Traveling  expenses 264.85  494.08 

Contingent  expenses 15.00 

Buildings  and  land   51.50  m.S5 

Balance .04 

Total $15,000.00        $9,000.00 


We,  the  undersigned,  duly  appointed  auditors  of  the  Corpora- 
tion, do  hereby  certify  that  we  have  examined  the  books  and  ac- 
coimts  of  the  Experiment  Station  of  the    Agricultural    College  of 
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the  State  of  Montana,  for  the  fiscal  year  ending  June  30,  1908;  that 
we  have  found  the  same  well  kept  and  classified  as  above,  and  that 
the  receipts  for  the  year  from  the  Treasurer  of  the  United  States 
are  shown  to  have  been  $5,000.00,  and  the  corresponding  disburse- 
ments $2,417.13;  for  all  of  which  proper  vouchers  are  on  file  and 
have  been  by  us  examined  and  found  correct,  thus  leaving  a  balance 
of  $2,582.87. 

And  we  further  certify  that  the  expenditures  have  been  solely 
for  the  purposes  set  forth  in  the  Act  of  Congress  approved  March 
20,  1906. 

Signed  E.  B.  LAMME, 

JOHN  M.  ROBINSON,  Auditors. 
Attest:    GEORGE  COX,  Custodian. 
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EXPERIMENT  STATION   MISCELLANEOUS  FUND. 


Dr. 

To  receipts  from  other  sources  than 
the  United  States    for    the    year 

ended  June  30,  1908 

Cr. 

By  Salaries 

Lrbor 

Publications 

Postage  and  stationery 

Freight  and  express 

Heat,  light,  water  and  power 

Chemical  Supplies 

Seeds,  plants  and  sundry  supplies 

Fertilizers 

Feeding  stuffs 

Library 

Tools,  implements  and  machinery 

Furniture  and  fixtures  

Scientific  apparatus 

Live  stock 

Traveling  expenses 

Contingent  expenses 

Buildings  and  land  

Balance  


State 

Individ- 1 

uals     1 

10,886.58 

.9,486 .  31 

575.00 

4,750.70 

3,795.57 

98.60 

97.56 

2.75 

192.88 

36.85 

832.43 

1,795.80 

162.38 

601.41 

2.50 

576.75 

641.50 

84.00 

55.00 

784.44 

923.56 

375.98 

685.17 

641.03 

2,711.03 

Farm 
Pro- 
ducts 
7,138.08 

1,000.00 

1,716.16 

208.10 

31.05 

71.78 

232.14 

238.06 

586.08 

58.85( 

25.00 
1,093.84 

14.75 
1,421.451 
340.82 


Total 


27,610.97 

1,675.00 

10,262.43 

306.70 

181.86 

801.61 

1,064.57 

2,296.24 

1,187 .  49 

2.50 

1.277.10 

109 . 00 
1,448 .  84 
1,722.75 
2,432 .  60 
3,692.88 
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REPORT  OF  THE  DIRECTOR 

The  year  1907-08  has  been  an  uneventful  one  in  the  work  of 
the  Montana  Experimient  Station.  The  work  of  the  various  de- 
partments has  progressed  satisfactorily,  and  valuable  facts  have 
been  learned  as  a  result  of  the  year's  work.  The  experiences  of  the 
year  have  emphasized  previous  lessons  on  the  need  for  concentration 
of  effort,  thooigh  it  has  also  shown  the  many  obstacles  to  our  en- 
deavors in  this  direction.  The  yearly  increase  from  the  Adams 
fund  for  the  past  season  has  been  used  to  provide  an  assistant  in 
the  chemical  department.  The  major  portion  of  the  remainder  was 
used  to  beg-in  study  upon  a  problem  in  the  animal  industry  depart- 
ment. 

With  the  expansion  in  the  Experiment  Station  work,  together 
with  the  increase  in  the  students  in  all  the  agricultural  courses, 
some  definite  plan  in  regard  to  the  organization  of  the  work  for  the 
future  becomes  necessary,  and  to  a  certain  extent  a  division  seems 
desirable  between  the  work  of  teaching  and  experiment.  A  com- 
pletie  division  has  already  been  made  between  the  teaching  and  re- 
search work  in  the  chemical  department.  In  the  other  departments 
it  is  probable  that  the  heads  will  divide  their  time  between  teaching 
and  experiment,  but  the  assistants,  in  the  main,  will  give  their  time 
wholly  to  teaching  or  iwholly  to  Experinuent  Station  work.  This 
will  enable  the  station  work  to  be  carried  on  with  little  loss  incident 
to  the  breaking  up  of  time,  which  the  demands  of  the  class  room 
make  necessary. 

There  is  an  increasing  demand  from  all  parts  of  the  state  for 
experiment  and  demlonstration  farms  on  the  bench  lands  and  under 
the  various  new  irrigation  ditches.  With  the  many  people  coming 
to  the  state  and  settling  on  the  land,  both  above  and  below  the  ditch, 
it  would,  I  believe,  bte  a  most  desirable  and  profitable  undertaking 
for  the  state  to  invest  in  a  large  number  of  demonstration  farms  on 
the  new  irrigation  projects,  and  also  in  those  districts  where  large 
numbers  are  settling  on  the  bench  lands. 

The  past  season  was  one  of  extremes  of  temperature  and  rainfall. 
In  the  south  and  central  parts  of  the  state  the  winter  was  dry,  the 
spring  late,  and  May  and  the  early  part  of  June  the  wettest  I  have 
seen  in  the  west  in  sixteen  years.     As  a  wet  spring  always  means 
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cool  weather  in  this  latitude,  there  was  but  little  growth  of  spring 
crops  till  after  the  middle  of  June,  and  the  following  dry  hot  weather 
reduced  the  yields  of  the  spring-sown  crops  on  the  College  farm 
by  at  least  30%.  The  northern  part  of  the  state  was  cool  and  dry 
in  the  spring,  but  the  eastern  part  had  average  weather.  On  the 
Station  dry  farms  the  crops  on  the  whole  were  very  good  in  all  parts 
of  the  state. 

IMPROVEMENTS 

The  completion  of  the  new  agricultural  building,  for  which 
the  legislature  of  Montana  appropriated  $80,000.00,  has  provided 
greatly  improved  facilities  for  the  agricultural  work,  both  for  the 
Station  and  the  College.  This  building  is  150  feet  long  and  68  feet 
in  width,  with  a  high  basement  (the  floor  of  which  is  on^  a  level 
with  the  ground)  and  two  stories  above.  The  construction  is  of 
pressed  brick  with  sand  stone  trimmings  and  a  tile  roof.  The  in- 
side finish  is  oak,  with  maple  floors.  The  floor  in  the  main  entrance 
and  in  the  basement  hall  is  of  terrazza  on  reinforced  concrete.  All 
the  heating,  water  and  drainage  pipes  are  in  a  sub-basement,  which 
makes  the  basement  floor  just  as  desirable  for  class  rooms  or  office 
as  any  other  part  of  the  building.  The  building  is  so  arranged  that 
greenhouses  may  be  constructed  against  the  south  end  of  the  build- 
ing. 

The  main  entrance  faces  the  east.  The  south  end  of  the  base- 
ment is  occupied  by  the  horticultural  department  and  the  north  end 
by  the  dairy  department.  The  first  floor  aflfords  space  for  the  offices 
of  the  director,  and  the  superintendent  of  farmers'  institutes,  library 
and  reading  room,  and  the  offices,  class  rooms,  and  laboratories  of 
the  departments  of  agronomy  and  animal  industry. 

The  second  floor  of  the  building  is  used  by  the  domestic  science 
department  of  the  College,  and  is  fully  fitted  up  for  this  work. 

SUB-STATIONS 

The  Northern  Pacific  and  the  Great  Northern  railroad  compan- 
ies have  continmed  their  subscriptions  to  the  Station  work,  and  four 
dry  farm  sub-stations  have  been  maintained  largely  from  funds  so 
contributed.  The  stations  have  been  maintained  at  the  same  places 
as  the  year  before,  except  that  the  one  at  Shelby,  in  the  northern 
part  of  the  state  has  been  discontinued. 
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In  addition  to  these,  two  dry  farm  stations  have  been  main- 
tained by  state  appropriations:  One  near  Great  Falls  and  the  other 
near  the  center  of  Fergus  county,  the  latter  being  a  permanent  sta- 
tion. Considerable  equipnuent  has  been  added  to  the  Fergus  county 
station  during  the  year,  but  much  yet  remains  to  be  done  to  fully 
equip  the  farm. 

Some  very  interesting  and  valuable  results  have  been  obtained 
as  a  result  of  the  year's  work,  as  will  be  noted  in  another  place. 

The  horticultural  sub-station  near  Corvallis,  in  Ravalli  county, 
which  was  provided  for  by  the  Tenth  legislature,  has  been  started 
the  past  year.  Twenty  acres  of  land,  with  a  water  right,  were  deed- 
ed to  the  state  of  Montana  by  the  Bitter  Root  Valley  Irrigation 
Company.  The  law  establishing  this  station  required  the  donation 
of  fifteen  acres  of  land  by  the  people  of  the  valley.  The  Bitter  Root 
Valley  Irrigation  company  is  to  be  commended  for  its  generosity, 
as  they  not  only  gave  the  deed  to  fifteen  acres  but  added  five  more 
for  good  measure,  making  twenty  acres  in  all.  They  also  afforded 
every  facility  for  making  a  good  selection  as  to  soil  and  location, 
so  that  the  Station  has  secured  a  very  fine  piece  of  land. 

During  the  year  the  land  has  been  fenced,  the  ground  broken 
and  most  of  the  land  planted  to  tree  and  bush  fruits.  The  appropri- 
ation for  this  station  was  so  small  that  no  buildings  and  very  little 
equipment  could  be  provided.  It  is  hoped  that  during  the  coming 
season  funds  will  be  available  to  fully  equip  the  station. 

About  five  years  ago  a  small  station  was  started  some  sixteen 
miles  southeast  of  Great  Falls,  to  test  dry  farm  possibilities  and 
winter  irrigation  from  a  small  reservoir,  built  to  catch  the  spring 
runoflF.  Two  years  ago,  because  of  conditions  as  to  help,  this  sta- 
tion was  discontinued.  The  people  of  Great  Falls,  however,  were 
very  much  interested  in  the  work  and  during  the  past  year  have  con- 
tributed about  $i,ioo  towards  the  equipment  of  a  dry  farm  station 
about  one  milie  from  the  city.  The  station  has  been  in  full  operation 
during  the  past  year.  The  people  of  Cascade  county  and  the  Experi- 
ment Station  are  much  indebted  to  the  Commercial  Club  of  Great 
Falls,  and  especially  to  Messrs.  T.  L.  Larkin  and  C.  H.  Campbell 
lor  their  help  and  advice  in  connection  with  the  Great  Falls  station. 

CO-OPERATIVE   EXPERIMENTS 

The  Northern  Pacific  and  the  Great  Northern  railroad  compan- 
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ies  have  continued  their  support  during  the  past  year  to  the  dry- 
farm  work  carried  on  by  the  Station,  the  former  contributing  $250p 
and  the  latter  $2000  for  the  year,  and  in  addition  providing  trans- 
portation for  the  men  engaged  and  for  the  material  used  in  the 
work. 

At  the  Fergus  county  sub-station,  which  is  devoted  to  dry  farm 
tests,  the  Bureau  of  Plant  Industry  of  the  U.  S.  Department  of  Agri- 
culture is  co-operating  with  the  Montana  Station  and  giving  material 
aid  to  the  work. 

On  the  Experiment  Station  farm  at  Bozeman  co-operative  ex- 
periments are  being  carried  on  with  the  Irrigation  Division  of  the 
Office  of  Experiment  Stations,  U.  S.  Department  of  Agriculture. 
During  the  year  a  series  of  eight  tanks  has  been  provided  by  the 
irrigation  division,  and  evaporation  tests  have  been  carried  on  by 
the  agronomy  department. 

STATION  STAFF 

No  changes  were  made  in  the  Station  staff  during  the  past  year. 
Mr.  Edmund  Burke,  who  had  been  assistant  chemist  for  some  years, 
was  made  chemist  of  the  Station,  and  Mr.  Reuben  M.  Pickney,  a 
graduate  of  the  University  of  Nebraska,  entered  on  his  duties  as 
assistant  chemist  on  September  ist,  1908. 

AGRICULTURAL    EXTENSION 

The  farmers*  institutes  continue  to  grow  in  interest  and  attend- 
ance. With  a  superintendent  in  charge  of  this  work  the  Station 
men  have  been  relieved  to  a  considerable  extent  of  the  demands 
from  this  direction.  We  hope  from  this  time  to  be  able  to  so  arrange 
this  work  that  it  may  be  a  help  rather  than  a  burden  to  the  Station 
staff,  as  I  believe  a  certain  amount  of  time  in  the  institute  field  and 
in  touch  with  the  practical  farmer,  will  be  a  help  to  the  Station 
workers. 

A  new  phase  in  the  development  of  this  work,  during  the  past 
year,  has  been  a  course  of  lectures  on  agricultural  topics  at  various 
high  schools  of  the  state. 

CORRESPONDENCE 

With  the  large  number  of  new  people  coming  to  the  state  and 
with  the  expansion  of  the  activities  of  the  Station,  the  correspond- 
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ence  continues  to  increase.     During  the  year  ending  November  30. 
1908,  5857  letters  and  1687  circulars  were  sent  out. 

The  letters  from  the  various  departments  were  as  follows: 
Agronomy  department,  749  letters  and  287  circulars ;  Animal  Indus- 
try department,  800  letters;  Biological  department,  600  letters; 
Chemical  department,  150  letters;  Dairy  department,  880  letters  and 
800  circulars;  Engineering  department,  900  letters.  From  the  Di- 
rector's office  were  sent  out  1218  letters  and  600  circulars,  and  from 
the  Farmers'  Institutes,  560  letters. 

LIBRARY 

In  the  new  agricultural  building  small  but  convenient  quarters 
for  the  Station  library  have  been  provided.  Bulletins  of  the  various 
state  experiment  stations,  and  publications  of  the  U.  S.  department 
of  agriculture,  to  the  number  of  402  volumes,  have  been  bound  the 
past  year.  We  have  an  almost  complete  list  of  these  publications  to 
<late.  These  volumes  comprise  thousands  of  bulletins,  reports  and 
circulars.  The  Station  has  also  the  complete  card  index  of  stat  on 
and  department  publications  sent  out  by  the  Office  of  Experiment 
Stations. 

In  addition  to  the  general  library,  several  of  the  departments 
have  fairly  good  collections  of  books  dealing  with  the  special  prob- 
lems of  their  work,  and  it  is  planned  to  add  to  these  as  rapidly  as 
our  funds  will  permit. 

THE  WORK  OF  THE  DEPARTMENTS 

There  has  been  practically  no  change  in  the  work  of  the  vari- 
ous departments  of  the  Station  during  the  past  year. 

The  Biological  Departnaent  has  continued  to  add  to  the  data 
concerning  the  life  histories  of  the  insects  affecting  the  sugar  beet, 
and  additional  facts  have  been  gleaned  in  regard  to  the  diseases  af- 
fecting apple  trees.  Valuable  notes  have  been  secured  upon  the 
predaceous  enemies  of  grasshopper  eggs,  and  some  tentative  laws 
are  suggested  relative  to  the  cause  of  the  sudden  appearances  and 
subsequent  disappearance  of  insect  pests.  In  the  study  of  tree  dis- 
eases it  has  been  found  that  the  canker  of  apple  trees  has  intermit- 
tant  periods  of  activity.  A  collar  rot  (so  called  locally)  has  been 
found  to  be  caused  by  a  definite  fungus.  A  disease  distinct  from  the 
pear  blight  has  been  found,  which  causes  the  death  of  pear  trees. 
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New  work  has  been  started  on  the  study  of  the  wood  tick,  and 
a  beginning  has  been  made  on  a  pest  survey  of  the  state. 

The  department  has  published  one  bulletin  during  the  year. 

The  Agrononiiy  Department  has  grown  into  the  largest  depart- 
ment of  the  Station.  The  dry  farm  work  carried  on  at  various 
stations  over  the  state  has  g^ven  opportunity  for  gathering  valuable 
experimental  data.  Much  has  also  been  accomplished  in  the  line 
of  a  better  knowledge  of  the  crop  possibilities  of  the  various  parts 
of  the  state,  and  these  stations  have  been  valuable  object  lessons 
to  the  farmers  in  the  various  commtmities. 

A  very  large  number  of  moisture  and  nitrate  determinations 
have  been  made  in  connection  with  the  study  of  the  movement  of 
moisture  in  the  soil  and  the  accumulation  of  nitrates  in  land  cropped 
and  uncropped.  Some  interesting  and  valuable  information  has 
been  secured  on  these  points.  Observations  have  been  carried  out 
on  both  irrigated  and  non-irrigated  land. 

On  the  College  farm?,  variety  tests  have  been  continued  with 
small  grains,  clover,  alfalfa,  and  other  crops. 

The  irrigation  tests  on  the  duty  of  water,  and  the  influence  of 
varying  amounts  of  water  on  the  growth  and  ripening  of  the  crops, 
have  been  continued.  During  the  summer  co-operative  tests  have 
been  started  to  study  the  evaporation  losses  from  irrigated  land, 
and  how  these  may  be  reduced  to  a  minimum.  This  work  has  been 
taken  up  in  co-operation-  with  the  Irrigation  Division  of  the  U.  S. 
Department  of  Agriculture. 

At  the  Fergus  county  sub-station  variety  tests  of  grain  and 
fodders,  and  rotation  tests,  have  been  undertaken  in  co-operation 
with  th*e  Bureau  of  Plant  Industry,  U.  S.  Department  of  Agricul- 
ture. 

The  results  of  the  year's  work  show  that  much  of  the  dry  bench 
lands  promise  to  become  valuable  farm  lands  under  proper  methods 
of  cultivation  and  cropping.  They  also  show  that  with  proper  man- 
agement the  farmer  has  very  large  control  over  the  moisture  and 
nitrates  in  his  soil. 

The  Horticultural  Department — The  work  of  the  horticultural 
department  has  been  enlarged  considerably  during  th*e  year,  due 
to  starting  the  horticultural  sub-station  in  the  Bitter  Root  valley. 
As  this  sub-station  is  located  in  one  of  the  best  fruit  sections  of  the 
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State,  it  is  planned  to  carry  on  extensive  variety  tests  of  tree  and 
bush  fruits.  Studies  of  methods  of  soil  management  in  relation  to 
fruit. production  and  of  the  duty  of  water  and  other  irrigation  prob- 
lems related  to  orchards  are  also  contemplated.  Some  variety  tests 
of  vegetables  will  be  condu<:ted  at  this  place. 

At  the  College  farm  variety  tests  with  fruit  and  vegetables  have 
been  continued.  Good  varieties  of  tomatoes,  cabbage,  celery,  and 
onions,  adapted  to  our  higher  valleys,  have  been  determined,  and 
some  valuable  plans  worked  out  on  how  to  handle  those  crops  so 
as  to  get  the  largest  returns. 

Work  has  been  continued  with  ornamental  trees  and  shrubs, 
both  native  and  introduced,  and  many  of  these  promise  w^U. 

The  Animal  Industry  Department  has  continued  its  feeding 
experiments  with  steers  and  hogs,  these  tests  having  been  along 
lines  similar  to  those  of  the  previous  year.  Some  maintenance  ex- 
periments were  begun  with  cattle  and  hogs,  and  also  some  tests  on 
the  grazing  possibilities  of  an  irrigated  pasture  for  dairy  cows. 

To  test  the  value  of  formalin  as  a  preservative  for  skim  milk, 
and  to  learn  what  effect  varying  amounts  of  formalin  would  have 
when  fed  with  milk  to  young  animals,  a  bunch  of  calves  was  fed 
with  milk  so  treated.  No  conclusions  have  been  drawn  irom  any 
of  these  tests. 

Some  pure  bred  cattle  and  a  small  flock  of  pure  bred  sheep 
have  been  added  to  the  live  stock  of  the  department  during  the  year 
and  will  be  available  for  future  work  in  the  department. 

An  experiment  to  learn  the  effects  of  methods  of  management 
and  of  breeding  on  the  quantity  and  quality  of  the  wool  of  fine 
wooled  sheep  has  also  been  started  during  the  year. 

The  Dairy  Department  has  continued  its  studies  on  the  use  of 
the  milking  machine,  but  the  major  portion  of  the  work  of  the  de- 
partment has  been  along  extension  lines.  Two  circulars,  one  on 
the  milking  machine  and  the  other  on  the  manufacture  of  cheese, 
have  been  issued  during  the  year,  and  considerable  time  has  been 
given  to  the  inspection  of  creameries  and  to  fitting  out  and  direct- 
ing a  dairy  train  to  give  instruction  in  some  of  the  promising  dairy 
districts  of  the  state. 

The  Chemical  Department — During  the  year  an  assistant  has 
been  added  to  the  chemical  department,  which  increased  greatly  the 
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amount  of  work  the  department  turned  out.  The  department  has 
given  the  greatest  part  of  its  tin:;e  to  two  special  problems :  First, 
to  discover  the  actual  conditions  as  to  temperature,  moisture  and 
carbon  dioxide  surrounding  hens'  eggs  during  natural  and  artificial 
incubation.  A  special  electric  thermomieter  has  been  added  to  the 
equipment  for  this  work  during  the  year.  The  other  problem  of 
the  department  was  a  study  of  Portland  cement,  and  the  effect  of 
alkali  on  the  same;  this  problem  being  taken  up  in  co-operation  with 
the  engineering  department.  The  chemical  agent  most  active  in 
disintegrating  the  cement  has  been  located,  but  the  exact  changes 
that  take  place  have  not  been  worked  out. 

In  addition  to  the  above  the  department  has  made  a  large  num- 
ber of  analyses  for  other  departments  of  the  Station. 

For  agronomy  department,  moisture  demonstrations  have  been 
made  on  28  samples  of  straw  and  grain.  The  total  nitrogen  was 
determined  in  85  samples  of  soil  and  nitrates.  Nitrites  and  am- 
monia was  determined  in  413  samples. 

For  the  animal  industry  department  complete  analyses  have 
been  made  of  15  samples  of  grain  and  15  samples  of  feces,  requiring 
180  determinations. 

For  the  engineering  department  5  samples  of  soil  and  water 
and  four  samples  of  cement  were  analyzed. 

For  the  horticultural  department  19  samples  of  soil  were  ana- 
lyzed, requiring  95  determinations. 

A  large  number  of  analyses  of  a  miscellaneous  character  come 
to  the  department,  but  the  endeavor  is  to  reduce  these  to  a  minimum.. 
There  have  been  made  during  the  year  a  few  more  than  40  such 
analyses,  including  samples  of  clays,  soils,  gypsum,  coal,  food  stuffs, 
etc.  The  policy  is  to  confine  these  analyses  to  samples  connected 
with  agricultural  work;  and  to  gather  such  information  about  the 
samples  as  will,  in  time,  with  the  accumulation  of  the  data,  have 
value  in  our  study  of  the  soils  and  agricultural  products  of  the  state. 

The  Poultry  Work  is  supported  wholly  from  state  and  income 
funds.  During  the  past  year  a  graduate  of  the  Maine  University 
who  had  given  special  study  to  the  poultry  work,  has  been  placed  in 
charge  of  the  poultry  plant.  Our  problem  is  to  build  up  the  poultry 
plant  and  to  study  the  conditions  favorable  to  economic  poultry 
keeping  in  Montana. 
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The  Engineering  Department. — ^The  seepage  and  drainage  prob- 
lem, undertaken  two  or  more  years  ago,  has  occupied  practically 
all  the  time  of  the  engineering  department  during  the  past  j^ear 
Some  valuable  conclusions  have  been  reached  as  a  result  of  the 
seepage  studies  and  these  are  published  in  Bulletin  No.  76.  In  the 
same  bulletin  are  given  some  practical  methods  for  the  economic 
drainage  of  lands  that  have  become  excessively  wet  from  seepage 
water. 

Studies  of  the  effect  of  alkali  on  Pbrtland  cement,  taken  up  in 
connection  with  the  seepage  studies,  have  shown  conclusively  that 
the  alkali  will  break  down  and  destroy  cement.  The  most  active 
constitutent  of  the  alkali  has  been  determined  and  some  light  thrown 
on  the  cause  of  the  disintegration.  A  bulletin  is  soon  to  be  issued 
on  the  results  of  these  studies. 

In  addition  to  the  above,  the  department  has  made  some  obser- 
vations on  the  practical  use  of  water  measuring  devices  for  irriga- 
tion canals  and  ditches,  and  has  issued  a  revised  edition  of  Bulletin 
No.  34,  embodying  these  special  studies. 

MAILING    LIST 

For  the  past  two  or  three  years  the  Experiment  Station  mailing 
list  has  increased  by  nearly  1,000  names  a  year.  We  are  now  pub- 
Hshing  an  edition  of  8,000,  but  vrill  probably  have  to  increase  this 
to  9,000  next  year. 

About  4,000  copies  are  distributed  to  the  farmers  of  the  state 
some  911   copies  are  sent  to  people  in  other  states,  102  to  foreign 
countries,  and  about  2200  copies  to  the  officers  of  the  various  state 
experiment  stations  and  to  the  U.  S.  Department  of  Agriculture 
This  leaves  a  surplus  of  about  1,000  copies  to  supply  future  calls. 

PUBLICATIONS    OF    THE    YEAR 

For  the  year  1907-08  five  bulletins  and  the  fifteenth  annual 
report  h<ive  been  published.  These  contain  186  pages  of  printed 
matter,  35  full  page  plates  and  4  double  page  plates. 

Bulletin  No.  72, — Measurement  of  Water,  by  E.  Tappan  Tan- 
natt,  rural  engineer,  and  R.  D.  Kneale,  assistant  engineer.  This 
bulletin  supplements  Bulletin  No.  34  on  the  same  topic,  which  is 
out  of  print.     It  calls  especial  attention  to  some  serious  errors  in 
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measurement  that  result  from  misplaced  .weirs,  and  gives  additional 
mformation  on  m-ethods  of  placing  measuring  weirs  in  canals  and 
ditches.  Very  full  tables  are  given  showing  the  discharge  of  Cip- 
poletti  weirs  of  different  lengths  expressed  in  Montana  miners' 
inches,  and  in  cubic  feet  p^r  second;  also  tables  on  the  discharge 
of  farmers'  weirs.     It  contains  40  pages  and  eleven  plates. 

Bulletin  No.  73. — Pig  Feeding  Experiments,  by  F.  B.  Linfield. 
This  is  a  series  of  eight  experiments,  carried  on  during  three  years, 
to  test  the  value  of  various  supplementary  foods  when  fed  with  a 
grain  ration  in  fattening  pigs;  19  pages. 

Bulletin  No.  74. — Dry  Farm  Investigations  in  Montana,  by 
Alfred  Atkinson,  agronomist,  and  J.  B.  Nelson,-  superintendent  of 
dry  farm  sub-stations.  This  bulktin  presents  the  results  of  three 
years  experiments  on  the  dry  farmj  sub-stations,  and  gives  the  yields 
of  the  various  crops  under  various  systems  of  soil  and  crop  manage- 
ment.    It  contains  30  pages  and  10  plates. 

Bulletin  No.  75.— The  Sixth  Annual  Report  of  the  State  Ento- 
mologist, by  R.  A.  Cooley,  entomologist.  This  bulletin  calls  atten- 
tion to  some  observations  carried  on  with  the  wood  tick,  and  out- 
lines some  future  studies  to  be  taken  up.  This  work  grew  out  of  the 
relation  of  the  tick  to  the  disease  known  as  Rocky  Mountain  spotted 
fever.  The  secon-d  chapter  of  this  bulletin  gives  a  description  of 
the  Glover  silk  moth  (Samia  gloveri,  Strecker.)  This  bullettin  has 
20  pages  and  2  plates. 

Bulletin  No.  76. — Seepage  and  Drainage  (Part  II),  by  E.  Tap- 
pan  Tannatt,  rural  engineer,  and  R.  D.  Kneale,  assistant.  This 
bulletin  gives  the  results  of  experiments  and  observations  on  seep- 
age losses  from  irrigation  canals,  and  describes  methods  of  reclaim- 
ing lands  made  excessively  wet  by  seepage  water  under  the  peculiar 
sub-soil  conditions  prevailing  in  various  valleys  in  Montana.  This 
bulletin  has  56  pages,  8  single  page  plates  and  four  double  page 
plates. 

The  Fifteenth  Annual  Report. — This  is  the  Director's  report 
on  the  work  of  the  year,  calling  attention  to  the  improvements  made 
and  to  the  work  of  the  various  departm\ents.     The  meteorological 
report  for  Bozeman,  for  the  past  year,  is  included  in  the  report.     It 
contains  32  pages  and  one  plate. 
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Organization — Announcements. 

Smuts  of  Wheat,  Oats  and  Barley. 

Eighth  Annual  Report. 

Sugar  Beets  in  Montana. 

Report  of  Feeding  Tests. 

Forage  Conditions  in  Montana. 

Pork  Production  in   Montana. 

Food  Adulterations. 

Root  Crops  in  Montana. 

Sugar  Beets,  (1902.) 

The  Codling  Moth. 

Ninth  Annual  Report. 

Apple  Growing  in  Montana. 

The  Loco,  and  Some  Other  Poisonous  Plants  in  ^lontana. 

Two  Insect  Pests. 

Sheep  Feeding. 

Steer  Feeding. 

First  Annual  Report  of  the  State  Entomologist. 

Sugar  Beets. 

Creameries  and   Cheese  Factories. 

Second  Annual  Report  of  the  State  Entomologist. 

Third  Annual  Report  of  the  State  Entomologist. 

Practical  Beekeeping. 

Canadian  Field  Peas. 

The  Eflfect  of  Alkali  on  Portland  Cement. 

The  Douglas  Fir  Cone  Moth. 

The  Fifth  Annual  Report  of  the  State  Entomologist. 

The  Fourteenth  Annual  Report. 

Measurement  of  Water. 

Pig  Feeding  Experiments. 

Dry  Farming  Investigations  in  Montana. 

The  Sixth  Annual  Report  of  the  State  Entomologist. 

Seepage  and  Drainage. 

The   Fifteenth  Annual  Report. 
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DONATIONS   AND    LOANS 

Stark  Bros.,  nurseries,  Louisiana,  Mo.,  fruit  trees. 

C.  G.  Patten,  nurseries,  Charles  City,  la.,  fruit  trees. 
W.  Atlee  Burpee  &  Co.,  Philadelphia,  Pa.,  garden  seeds. 

Rex  Lime  Sulphur  Co.,  Omaha,  Neb,  5  gallons  lime  sulphur  solution. 

Kentucky  Tobacco  Product  Co.,  Louisville,  Ky.,  5  gallons  'Tobacco- 
Leaf  Extract." 

Perfection  Chum  Co.,  Qwatonna,  Minn.,  i  Perfection  churn. 

Jensen  Manufacturing  Co.,  Topeka,  Kas.,  i  Jensen  cr.am  ripener. 

Creamery  Pkg.  Mfg.  Co.,  Minneapolis,  Minn.,  i  Wizzard  agitator. 

Vermont  Farm  Machine  Co.,  Bellows  Falls,  Vt.,  i  No.  6  V.  S.  hand 
separator. 

Vermont  Farm  Machine  Co.,  Bellows  Falls,  Vt.,  i  No.  15  U.  S. 
hand  separator. 

DeLaval  Separator  Co.,  Chicago,  111.,  i  No.  17  DeLaval  separator. 

Omega  Separator  Co.,  Lansing,  Mich.,  i  Omega  hand  separator. 

Currie  Hardware  Co.,  Mason  City,  la.,  i  Eclipse  moisture  test. 

Eloy.  Ericsson,  St.  Paul,  Minn.,  i  year's  supply  Butter  Culture. 

The  Marshall  Dairy  Lab.,  Madison,  Wis.,  rennet  and  color  samples. 

Frank  L.  Jones,  Utica,  N.  Y.,  rennet  and  pepsin  samples. 

Dairy  Specialty  Co.,  West  Chester,  Pa.,  i  2-bottle  Babcock  tester. 

J.  Frank  Smith,  Pleasanton,  Kas.,  i  book  "Eby's  Handy  Tables." 

D.  H.  Burrell  Co.,  Little  Falls,  N.  Y.,  i  milking  machine  equipment, 

complete  for  use  in  the  Dairy  Special. 
The  use  of  coach  and  baggage  car  from  the  Northern  Pacific  R.  R, 

for  dairy  demonstrations  across  the  state. 
City  of  Great  Falls,  cash  for  use  in   alkali-cement  investigations. 

$75.00. 
Cascade  county,  cash  for  use  in  alkali-cement  investigations,  $50.0^ 
A.  E.  Wheeler,  Great  Falls,  Montana,  cash  for  use  in  alkali-cemont 

investigations,  $25.00. 
Kenyon-Noble  Lumber  Co.,  Bozeman,  Mont.,  i  barrel  Ideal  cement. 
Utica  Hydraulic  Cement  Co.,  Utica,  111.,  i  barrel  cement. 
Standard    Portland    Cement    Corporation,    San    Francisco..    Cali.,    1 

barrel  cement. 
Glenns  Falls  Portland  Cement  Co.,  Glenns  Falls,  N.  Y.,   i  barrel 

Iron  Clad  cement. 
The  Portland  Cement  Co.,  Portland,  Col.,  i  barrel  Ideal  cement. 
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Lesley  &  Trinkle  Co.,  Philadelphia,  Pa.;  i  barrel  Giant  cement. 

Peninsular  Portland  Cement  Co.,  Jackson,  Mich.,  200  lbs.  cement. 

Northwestern  States  Portland  Cement  Co.,  Mason  City,  la.,  1  bar- 
rel Northwestern  cement. 

The  Atlas  Portland  Cement  Co.,  New  York  city,  i  barrel  cement. 

U.  S.  Reclamation  Service,  Fort  Shaw,  Mont.,  200  lbs.  Marquette 
cement. 

Penn-Allen  Cement  Co.,  Alkntown,  Pa.,  i  barrel  cement. 

Lehigh  Portland  Cement  Co.,  Mitchell,  Ind.,  i  barrel  cement. 

Western  States  Portland  Cement  Co.,  Independence,  Kan.,  i  barrel 
cement. 

Virginia  Portland  Cement  Co.,  Fordwick,  Va.,  i  barrel  Old  Domin- 
ion cement. 

Alsen's  American  Portland  Cement  Works,  New  York  city,  i  barrel 
cement. 

Hudson  Portland  Cement  Co.,  N.  Y.,  i  barrel  Hudson  cemt-nt. 

Universal  Portland  Cement  Co.,  Chicago,  111.,  i  barrel  Universal 
cement. 

Miracle  Pressed  Stone  Co.,  Minneapolis,  Minn.,  i  sack  R.  O.  U. 
cement  waterproofing. 

Aquabar  Co.,  Philadelphia,  Pa.,  i  pint  *'Aquabar." 

Miracle  Pressed  Stone  Co.,  Minneapolis,  Minn.,  i  tile  making  (ce- 
ment) outfit. 
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YEARLY    SUMMARY    FOR   1908. 

Highest  temperature 94**,  Aug.  i. 

Lowest  temperature -20*  Feb.  i. 

Greatest  range 114 

Highest  monthly  mean   65.4,  July. 

Lowest  monthly  mean 22.3,  Dec. 

Highest  daily  mean 75,  Aug.  i. 

Lowest  daily  m'ean -8,  Feb.  i. 

Mean  temperature  for  year 41.3. 

Greatest  total  pptn.  for  i  month 9.54  in.  May. 

Least  total  pptn.  for  i  month 32  in.  July. 

Total  rainfall 23.87. 

First  killing  frost Aug.  26th. 

Last  killing  frost May  26th. 

Number  of  clear  days  in  year 133. 

Number  of  partly  cloudy  days  in  year 181. 

Number  of  cloudy  days  in  the  year 52. 

Days  with  .01  or  more  of  pptn 94. 
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THE    MONTANA   EXPERIMENT   STATION. 

Bozeman,  MontAna 
NOTICE. — The  Bulletins  of  the  Experiment  Station  wiU  be  mailed  tree  to 
any  citizen  of  Montana  on  request.    Please  state  whether  all  publications  are 
desired  as  Issued  or  only  those  specified.    Give  name  and  address  plainly. 


LETTER  OF  TRANSMITTAL. 


Bozeman,  Montana,  December  31,  1909. 
To  His  Excellency,  Edwin  L.  Norris, 

Governor  of  Montana. 
Dear  Sir: 

In   accordance  with   the   Congressional   Acts  of  March   2, 
1887,  and  March  16,  1906,  I  have  the  honor  to  transmit  herewith 
the  Sixteenth  Annual  Report  of  the  Montana  Experiment  Station. 
The  financial  statement  is  for  the  year  ending  June  30,  1909;  the  re- 
s>      suits  of  investigations  of  the  several  departments  are  reported  to 

the  end  of  the  state  year,  November  30,  1909. 
1^  Very  respectfully, 

F.  B.  LINFIELD,  Director. 
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REPORT  OF  TREASURER. 

The    Experiment   Station   of   the   Agricultural    College   of    the 

State  of  Montana  in  account  with  the  United  States  appropriation, 

1908-1909: 

Dr. 

Hatch  Fund.  Adams  Fund. 

To  balance  from  appropriations  for  1907-1908  .04 

To  receipts  from  the  Treasurer  of  the  United 
States  as  per  appropriation  for  fiscal  year 
ended  June  30,  1909,  under  Acts  of  Con- 
gress approved  March  2,  1887,  (Hatch 
Fund)     and     March     16,    1906,    (Adams 

Fund)   $15,000.00  $10,999.96 

Cr. 

By  salaries $  7,050.00  $  6,300.00 

Labor 3»9i5-87  2,222.41 

Publications 1,179.87         

Postage  and  stationery 592. 17  137-63 

Freigh-t  and  express 188.86  119.29 

Heat,  light,  water  and  power 91 .06  15 -70 

Chemical  supplies    189.29  365 .84 

Seeds,  plants  and  sundry  supplies 386.89  314-91 

Fertilizers 25 .00  

Feeding  stuffs 285 .10  

Library    171-41  36.46 

Tools,  implements  and  machinery 156.65  125.40 

Furniture  and  fixtures   455.94  5 -SO 

Scientific  apparatus 19-29  S96.01 

Live  stock 2.00  75-oo 

Traveling  expenses 173. 10  516.25 

Contingent  expenses 15.00  

Buildings  and  land 102.50  169.60 

Balance 

Total $15,000.00  $11,000.00 


We,  the  undersigned,  duly  appointed  auditors  of  the  corpora- 
tion, do  hereby  certify  that  we  have  examined  the  books  and  ac- 
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counts  of  the  Experiment  Station  of  the  Agricultural  College  of  the 
State  of  Montana,  for  the  fiscal  year  ending  June  30,  1909;  that  we 
have  fou-nd  the  same  well  kept  and  classified  as  above,  and  that  the 
receipts  for  the  year  from  the  treasurer  of  the  United  States  are 
shown  to  have  been  $5,000.00,  and  the  corresponding  disbursements 
$2,417.13;  for  all  of  which  proper  vouchers  are  on  file  and  have 
been  by  us  examined  and  found  correct,  thus  leaving  a  balance  of 
$2,582.87. 

And  we  further  certify  that  the  expenditures  have  been  solely 
for  the  purposes  set  forth  in  the  Act  of  Congress  approved  March 
20,  1906. 

Signed :  J.  H.  BAKER. 

WALTER  S.  HARTMAN. 

Auditors. 

Attest :     George  Cox,  Custodian. 


EXPERIMENT  STATION  MISCELLANEOUS  FUND. 

Dr.  Individ-      Farm 

State  uals.      Products.   Total 

To  receipts  from  other  sources  than 
the  United  States  for  the  year  end- 
ed June  30,  1909 $10712.99    $4561.49    $5090.27  $20364.75 

Cr. 

By    salaries 200.00    200.00 

Labor    5.756.69     3,285.96      1,690.62  10,733.27 

Publications    551.-^0   551.20 

Postage  and  Stationery 218.53  .25  218.78 

Freight  and  express 107.89         27.00          26.93  161.S2 

Heat,  light,  water  and  power 1,409.87  59.67  1,469.54 

Chemical    supplies 

Seeds,  plants  and  sundry  supplies..        858.58   253.47  1.112.05 

Ferterlizers    

Feeding  stuffs 884.41  147.64  1.032.05 

Library    102.00   102.00 

Tools,  implements  and  machinery..        210.32  190.00  400.32 

Furniture  and  fixtures 20.70  81.50  102.20 

Scientific    apparatus 180.00  180.00 

Live   Stock 204.50   579.97  784.4i 

Traveling  expenses 15.90     1,048.53          83.25  1,147,68 

Contingent  expenses 1,749.03  1,749.03 

Buildings  and  lard 192.40  227.94  420.34 

Balance    227.94 

Total     $10,712.99  $4,561.49    $5,090.27  $20,364.75 
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REPORT  OF  THE  DIRECTOR. 


THE  INCREASED  SUPPORT  FOR  THE  EXPERIMENT  STATION. 


The  past  vear  was  one  of  material  'progress  in  the  work  and 
equipment  of  the  Experiment  Station.  At  the  beginning  of  the 
year  the  Agricultural  Building  was  completed  and  the  technical 
agricultural  department  moved  in  during  the  Christmas  holidays. 
The  improved  facilities  have  permitted  much  better  organization 
of  the  work  of  the  department. 

The  state  legislature,  which  met  during  January  and  February, 
1909,  continued  its  generous  support  to  the  work  of  the  Experiment 
Station.  The  fund  for  general  maintenance  was  increased  from 
$7,500  per  year  to  $12,500  per  year.  Nine  thousand  dollars  per 
year  was  given  for  the  work  of  the  temporary  dry  farm  stations 
and  $2,000  per  year  for  the  maintenance  of  the  permanent  dry  farm 
station  in  Fergus  county,  and  $1,250  per  year  for  the  maintenance 
of  the  horticultural  substation  in  Ravalli  county.  This  was  a  total 
increase  of  $7,250  over  the  appropriation  of  the  year  before. 

For  improvements  the  Station  received  $10,000  for  farm  im- 
provements at  the  home  station ;  $5,000  for  improvements  at  the  dry 
farm  sub-station,  and  $3,000  for  the  horticultural  sub-station.  Ar- 
rangements were  also  made  for  the  purchase  of  160  acres  of  irrigated 
land  adjoining  the  present  station  farm  on  the  west,  from  the  col- 
lege endowment  fund.  This  practically  doubled  the  area  of  the 
station  farm.  During  the  year  the  governor  of  the  state  made  the 
director  of  the  station  custodian  of  the  Fort  Ellis  reservation,  a 
tract  of  640  acres,  for  the  use  of  the  Experiment  Station.  This  is 
a  tract  suitable  for  dry  farm  work,  but  it  will  also  afford  some  op- 
portunities for  fall,  winter  and  early  spring  irrigation. 

The  Station  is  also  indebted  to  the  railways  of  the  state  for 
generous  support  for  dry  farm  work  carried  on  over  the  state.  The 
Northern  Pacific  railway  donated  $5,000  for  the  year,  the  Great 
Northern  railway  $2,000,  and  the  Chicago,  Milwaukee  &  Puget 
Sound  railway  $2,000.  All  these  railroads  have  also  given  trans- 
portation to  the  Station  officers,  who  were  carrying  on  work  out 
over  the  state.  This  generous  support  for  the  dry  farm  work  has 
enabled  us  to  extend  and  make  more  thorough  the  dry  farm  studies. 
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During  the  year  substantial  progress  was  made  towards  the 
organization  outlined  in  my  last  report  and  the  concentration  of 
the  work  of  the  departments.  The  work  in  agricultural  engineering 
was  made  an  assistant  division  of  the  agronomy  department.  The 
head  of  the  agronomy  department  now  gives  three-fourths  of  his 
time  to  the  Station  work.  One  assistant  gives  all  of  his  time  to  the 
College.     Three  assistants  are  engaged  in  the  Experiment  Station. 

On  the  first  of  September,  1909,  a  department  of  veterinary 
science  was  organized,  the  head  of  the  department  to  give  one-half 
his  time  to  Station  work. 

In  the  animal  industry  department,  an  assistant  was  added  who 
gives  two-thirds  of  his  time  to  the  Station,  and  late  in  the  season, 
with  the  resignation  of  the  professor  of  dairying,  the  dairy  work 
was  made  a  sub-division  of  the  animal  industry  department. 

THE  AGRICULTURAL.  PROGRESS  OF  THE  STATE 

Ten  years  ago,  had  any  person  suggested  that  the  prairie  bench 
lands  of  Montana  would  be  farmed,  he  would  have  been  laughed  at 
by  most  of  the  people  of  the  state  and  to  have  advocated  their  set- 
tlement would,  by  the  many,  have  been  thought  to  bo  criminal. 
However,  with  the  passing  of  the  years  and  with  the  study  during 
the  past  five  years  of  dry  farm  methods,  culminating  last  October 
in  the  Dry  Farm  Congress  at  Billings,  the  people  of  the  state  and 
the  business  interests  of  the  state  have  awakened  to  the  agricultural 
posibilities  of  Montana's  bench  lands  arid  people  from  all  over  the 
country  have  been  invited  to  come  and  take  possession  of  the  last 
free  homestead  land  of  the  Northwest.  This  invitation  has  met 
with  a  surprising  response  and  if  we  may  judge  from  the  land 
filings  as  reported  from  the  various  U.  S.  Land  Offices,  within  a 
very  few  years  all  the  available  bench  lands  susceptible  of  cultiva- 
tion will  have  passed  into  the  hands  of  the  farm  settler  and  the 
20,000,000  acres  or  more  of  bench  farm  lands  will  be  turned  into  cul- 
tivated   fields. 

A  few  years  ago  it  was  thought  that  the  entry  of  the  Federal 
government  in  the  irrigation  development  of  the  West  would  check 
or  discourage  private  enterprises  in  this  development.  In  Mon- 
tana the  opposite  effect  appears  to  have  been  induced ;  it  has  ap- 
peared  to  stimulate  private  enterprise,  as  never  before  has  such 
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irrigation  development  been  going  on,  and  a  itw  years  more  will 
double  if  not  treble  the  area  of  land  under  the  ditch  as  compared 
with  six  to  seven  years  ago.  On  miany  of  the  irrigated  projects 
intensive  farm  methods  are  being  encouraged.  Orchards,  suigar 
beets  and  the  dairy  are  receiving  more  and  more  attention.  Only  a 
start  has  yet  been  made  but  the  [promise  for  the  future  is  most  en- 
couraging. Our  public  men  are  beginning  to  think  and  talk  of 
Montana  as  a  great  agricultural  state. 


THE    EFFECT    OF    THE    AORICULTIjP.AL    DE^'^BLOPMlJiNT    ON     THE 

EXPHRIMBNT   STATION. 

But  all  of  this  agricultural  development,  the  coming  of  this 
multitude  of  people  to  take  up  a  new  agriculture  in  a  new  coumtry, 
places  a  large  responsibility  on  the  state  and  upon  the  Experiment 
Station.  Our  results  go  to  show  conclusively  that  when  proper 
methods  of  soil  management  and  cropping  are  followed,  large  and 
profitable  crops  may  be  grown.  But  the  man  who  does  not  under- 
stand the  peculiar  conditions  he  will  have  to  meet,  or  who  is  careless 
or  indifferent,  is  going  to  fail  or  have  only  a  partial  success,  whether 
he  is  above  or  below  the  ditch.  It  will  be  our  endeavor  as  far  as 
our  means  and  time  will  permit,  to  inform  the  ignorant,  to  furnish 
definite  facts  to  the  inquirers  and  to  stimulate  the  careless  and  in- 
different. We  will  endeavor  to  the  best  of  our  ability,  to  extend  our 
knowledge  and  control  over,  nature  as  manifested  under  Montana 
conditions  in  so  far  as  these  will  be  of  help  to  the  farmer,  so  that  he 
may  build  here  a  successful  agriculture,  enjoyable  and  progressive. 
Froni  the  standpoint  of  the  investigator  the  field  is  large  and  it  is 
most  inviting,  but  the  problems  are  very  intricate. 

As  is  indicated  above,  the  demands  upon  the  Experiment  Station 
are  increasing  rapidly.  The  dry  land  demonstration  farms  have 
been  doubled  during  the  year.  The  development  of  the  fruit  indus- 
try is  very  largely  increasing  the  problems  and  the  work  for  the 
horticultural  and  biology  departments.  The  letters  sent  in  for 
information  about  Montana  and  Montana  agriculture  are  double 
those  received  one  year  ago.  While  the  demands  of  the  work 
already  undertaken  are  increasing  rapidly,  there  is  yet  need  for  the 
inauguration  of  other  lines.       There  is  need  and  a  demand  for  a 
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soil  survey  of  the  state.  Because  of  the  great  variety  of  surface, 
the  mountain,  the  valley  and  the  plain,  the  state  presents  a  great 
variety  of  soil  types.  It  would  be  a  very  great  help  to  the  future 
agricultural  development  of  the  state  if  the  soil  types  could  be 
studied,  classified  and  mapped.  It  would  take  a  small  corps  of 
thoroughly  trained  men  several  years  to  accomplish  the  work.  But 
the  irrigated  and  the  thoroughly  farmed  areas  could  first  be 
studied  and  the  cheaper  and  more  remote  lands  taken  up  later. 
Eight  thousand  to  ten  thousand  dollars  a  year  would  inaug- 
urate this  work  and  put   is  on  an   efficient  basis. 

With  the  settling  up  of  the  prairie  bench  lands  there  is  going 
to  be  a  pressing  need  for  forestry  studies  as  adapted  to  the  farm. 
At  least  three  things  should  be  considered  in  commencing  this  work. 
These  prairie  homes  need  the  protection  which  a  tree  plantation 
would  give  from  wind  and  storm ;  the  farmer  also  needs  and  is 
going  to  need  fence  posts  and  timber  and  in  the  third  place  a  growing 
wood  supply  is  going  to  be  increasingly  valuable  as  years  g^o  by. 
On  the  dry  bench  lands  the  problem  is  to  find  the  varieties  that  will 
be  suitable  and  yet  thrive,  to  find  the  system  of  planting  best  suited 
to  the  peculiar  condition  of  the  bench  farm  and  next,  what  method  of 
soil  management  will  be  necessary  to  successful  vigorous  growth. 
In  this  work  both  trees  and  shrubs  should  be  Considered. 

When  started  in  any  place,  work  of  this  kind  should  be  con- 
tinued for  at  least  ten  years  and  studies  should  be  made  in  the 
various  climatic  zones  of  the  state.  It  is  planned  to  make  a  begfin- 
ning  in  the  work  during  the  coming  year  at  the  Fergus  county 
substation. 


IMPROVEMENTS. 

The  last  legislature  appropriated  $18,000  for  use  in  building 
and  improvements  by  the  Experiment  Station ;  $10,000  of  this  was 
for  buildings  at  the  central  station  and  $8,000  for  buildings  and 
equipment  at  the  substations.  It  was  expected  that  this  fund 
would  have  been  available  the  past  year,  but  as  a  shortage  in  state 
funds  was  feared,  the  appropriation  was  not  made  available  till 
the  end  of  the  year.  Plans  are  under  way  for  the  construction  of  the 
buildings   during   the   coming   season. 
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During  the  year,  from  general  funds,  the  dairy  building  has  been 
fixed  up  and  made  suitable  for  the  work  in  veterinary  science.  The 
biological  department  has  taken  possession  of  all  of  the  old  Ex- 
periment Station  building  and  remodeled  it  to  suit  the  work  of 
the  department.  The  dairy  department  has  moved  into  and  fully 
equipped  its  quarters  in  the  new  Agricultural  building.  In  addi- 
tion to  the  above,  a  large  amount  of  new  fencing  has  been  built, 
enclosing  and  dividing  new  pastures.  In  these  improvements,  the 
cost  of  which  was  shared  by  the  College  and  Experiment  Station, 
about   $1500  was    spent. 


SUBSTATIONS. 

The  work  of  the  Fergus  county  sub-station  was  fully  organized 

and  started  during  the  past  season.  Some  400  plats  were  in  use  for 

the  experiment  work,  covering  80  acres.  The  work  was  some- 
what hampered  by  the  failure  to  obtain  the  funds  appropriated  for 

improvements.  However,  the  maintenance  fund  was  increased  by 
the  legislature  from  $1,000  to  $2,000  per  year,  which  enabled  us 
to  carry  out  the  plans  for  the  year's  work.  We  have  started  at 
this  place  several  series  of  experiments  which  we  hope  in  time  will 
prove  of  large  value  in  finding  new  varieties  of  grain  better  adapted 
to  dry  farm  conditions,  and  new  methods  of  cropping  and  crop  man- 
agement, which  will  give  permanency  to  our  dry  farm  agriculture. 

Considering  the  permanent  character  of  the  work  here  started 
and  its  importance  to  dry  land  agriculture  in  the  state,  it  would 
be  of  great  advantage  if  the  200  acres  adjoining  the  substation  and 
belonging  to  the  State  School  grant  could  be  joined  to  the  station 
farm  permanently.  This  may  be  done  by  the  purchase  of  the  land 
by  the  state  or  perhaps  by  a  permanent  lease  at  a  nominal  sum.  The 
full  equipment  of  this  place  will  yet  call  for  some  additional  funds. 

For  the  horticultural  substation  in  Ravalli  county  the  legis- 
lature increased  the  maintenance  by  $250  per  year  and  gave  $3,000 
for  further  equipment  and  improvements.  As  this  latter  sum  was 
not  available  the  past  year,  nothing  more  was  done  than  to  maintain 
the  work  already  started  at  this  place.  Fruit  trees  have  beben 
planted  on  fifteen  acres. 

Dry  farm  studies  on  the  temporary  substations  have  been  con- 
tinued during  the  year.      The  value  of  this  work  as  a  demonstration 
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of  the  farm  possibilities  of  the  district  is  being  fully  recognized 
and  made  use  of  by  the  people,  and  it  affords  the  station  an  oppor- 
tunity to  get  thoroughly  acquainted  with  soil  conditions  and  crop 
possibilities  in  very  many  parts  of  the  state. 

The  increased  funds  given  by  the  state  and  the  railways  per- 
mitted us  to  start  several  temporary  dry  farm  substations  the  past 
year,  so  that  now  thirteen  stations  are  in  operation  These  stations  are 
located  as  follows:  Aided  by  the  Northern  Pacific  railway — At 
Adams,  thirty  miles  north  of  Glendive ;  at  Terry  (two  stations)  ;  at 
Forsyth  and  in  the  Lake  Basin,  north  of  Billings.  Aided  by  the 
Great  Northern  railway — At  Great  Falls;  at  Chester  and  about 
twenty-five  north  of  Harlem.  In  co-operation  with  the  people  of 
the  towns,  stations  were  directed  near  Fort  Benton  and  Havre.  Aid- 
ed by  the  Chicago,  Milwaukee  &  Puget  Sound  railway — At  Baker 
and  at  Roundup.  A  station  was  also  started  near  Dillon  in  Beaver- 
head county.  At  each  of  these  stations  about  forty  acres  are  cropped. 
The  results  the  past  year  have  been  above  the  average  for  the  pre- 
vious years  of  this  work.  These  stations  have  proved  valuable 
educative  aids  for  the  people  of  the  localities  and  especially  to  the 
new  settler.  At  several  of  the  stations  Farmers*  Institute  meetings 
were  held  just  before  the  crop  was  harvested  and  the  crops  afforded 
a  very  fine  illustration  of  the  effect  of  different  methods  of  soil  and 
crop  management  followed. 


CO-OPERATIVE    EXPERIMENTS. 

During  the  year  we  have  been  able  to  very  much  extend  our 
work  owing  to  the  co-operation  and  help  of  the  railways  of  the  state 
and  of  the  U.  S.  Agricultural  department.  Five  dry  farm  substa- 
tions in  various  parts  of  the  state  have  ben  maintained  through  the 
aid  and  co-operation  of  the  Northern  Pacific  railway.  Three  have 
been  maintained  by  help  from  the  Great  Northern  railway  and  two 
dry  farm  sub-stations  we  owe  to  the  support  of  the  Chicago,  Mil- 
waukee &  Puget  Sound  railway.  These  local  substations  enable 
us  to  study  a  great  variety  of  local  conditions  and  their  adaptability 
to  dry  farm  agriculture. 

At  the  Fergus  substation  we  are  co-operating  with  the  Bureau 
of  Plant  Industry,  United  States  Department  of  Agriculture,  in  the 

study  of  :  first,  crop  rotations  adapted  to  the  dry  farm ;  second,  grain 
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varieties  suitable  for  the  Montana  dry  farm,  and,  third,  fodder  and 
pasture  crops  that  may  be  used  by  the  dry  farmer. 

On  the  home  station  at  Bozeman,  we  are  carrying  on  some 
studies  with  soil  mulches  for  irrigated  ground  in  co-operation  with 
the  Irrig?.ti(  n  Division  of  the  (J)ffice  of  P'xptriment  Stations,  United 
States    r.epartmcnt  c)f  Agriculture. 

Our  entomological  department  has  taken  up  some  studies  in 
the  I'ittcr  Root  valley  in  this  state  in  co-o])erati(:»n  with  the  Bureau 
of  Entomology  of  the  I'.  S.  Department  of  Agriculture.  They  arc 
investigating  the  life  history  of  the  wood  tick  and  its  relation  to 
spcttcd  fever. 

STATION    STAFF. 

In  talcing  u])  the  work  which  the  agricultural  (levelo])ment  of 
ll^t  state  is  bringing  to  us,  I  consider  that  the  state  and  the  Experi- 
ment Station  is  indeed  fortunate  in  its  corps  of  agriculture  investi- 
gators, men  in  whom  the  scieptific  spirit  f)redominates,  and  I  wish 
to  commend  the  loyalty  and  the  harmonious  co-oj)cration  which 
characterizes  the  work  of  each  member  of  the  station  staflF. 

At  the  beginning  of  the  school  year,  July  ist,  some  important 
changes  were  made  in  the  station  staff.  Two  of  the  heads  of  de- 
partments resigned  to  take  up  commercial  work  at  greatly  increased 
salaries.  Profesror  E.  T.  Tannatt,  who  was  in  charge  of  the  rural 
engineering  work  of  the  station,  entered  on  his  work  with  the  station 
in  September,  1905,  and  during  his  connection  with  the  station  car- 
ried through  some   valuable  experiments. 

Professor  R.  W.  I^'isher,  Horticulturist,  was  connected  with  the 
Station  since  1901.  His  eight  years  of  service  had  made  him  very 
well  acquainted  with  the  horticultural  problems  of  the  state  and  thus 
of  great  value  to  this  work. 

Later  in  the  season.  Prof.  \V.  I.  Elliott,  who  had  charge  of 
the  dairy  work,  resigned  to  accept  a  more  lucrative  position  in  Can- 
ada. During  his  six  years  connection  with  the  Station,  Professor 
Elliott  had  built  uj)  a  well  e(|uipped  department. 

In  view  of  the  above  resignations  it  was  thought  best  to  re- 
arrange in  some  directions  and  to  c(Micentrate  the  work.  As  our 
problems  in  irrigation  are  closely  related  to  agronomy,  it  was  de- 
cided for  the  j)resent  to  make  the  Rural  I^ngineer  an  assistant  to  this 
department  and  Mr.  W.  \V.  Spain,  a  graduate  of  the  College,  was 
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engag^ed  as  assistant  ag^riciiltural  engineer  in  the  agronomy  depart- 
ment to  give  his  whole  time  to  station  work. 

The  dairy  work  was  put  under  the  direction  of  the  animal  in- 
dustry department  and  an  assistant  in  dairying  will  be  engaged  to 
look  after  this  work.  With  the  beginning  of  the  school  year,  an  as- 
sistant in  animal  industry,  Mr.  II.  P.  Ciriffin,  of  Columbia,  Missouri, 
was  engaged.       He  gives  tv^^o  thirds  of  his  time  to  station  work. 

In  the  biological  department,  Mr.  Elwood  H.  Morris  was  en- 
gaged as  assistant  botanist,  giving  his  whole  time  to  investigations  in 
the  botanical  division  of  the  work. 

Professor  ().  \\.  Whipple,  who  was  in  charge  of  the  Colorado 
Horticultural  substation  at  (irand  Junction,  Colorado,  was  engaged 
to  take  charge  of  the  horticultural  work  of  the  station.  He  began 
work  an  July  ist,  1909. 

During  the  year  a  new  department  was  added  to  the  station, 
viz.,  veterinary  science.  Dr.  W.  J.  Taylor,  a  graduate  of  Cornell 
University  Veterinary  College,  was  engaged  to  take  charge  of  this 
department  and  entered  on  his  duties  on  September  ist,  1909. 


AGRICULTURAL    EXTENSION. 
FARMEIRS'   INSTlTUTKh. 

1'he  interest  in  the  Farmers'  Institute  work  has  continued  to 
grow  during  the  year.  With  a  superintendent  in  full  charge  of  this 
work,  the  demands  on  the  station  staff  have  not  been  as  great 
as  formerly,  but  there  are  yet  many  special  calls  which  it  is  impos- 
sible to  disregard.  The  last  legislature  increased  the  funds  for  this 
work  by  $500  per  year. 

A  new  feature  of  the  work  of  the  vear  was  a  series  of  lectures 
on  some  phase  of  agriculture  at  several  high  schools  of  the  state. 
These  lectures  were  verv  well  received  and  will  be  continued  next 
vcar. 


CORRBSPON  DEN  en:. 


The  correspondence  of  the  station  continues  to  increase.  Dur- 
ing the  year  ending  Xovembcr  30,  1909,  7237  letters  and  9850  circu- 
lars were  sent  out.     These  were  distributed  as  follows  amoner  the 
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various  departments:  Dairy  department,  1019  letters  and  3000  cir- 
culars; Animal  Industry  department,  640  letters  and  500  circulars; 
Poultry  department,  400  letters  and  300  circulars ;  Agronomy  depart- 
ment, 1 163  letters  and  3200  circulars;  Biology  department,  910  let- 
ters; Horticultural  department,  521  letters;  Chemical  department^ 
99  letters,.  From  the  Director's  office  were  sent  out  I5CX>  letters  and 
450  circulars,  and  from  the  Farmers'  Institute  office  985  letters  and 
2400  circulars. 

WORK  OF  THE  DEPARTMENTS. 

During  the  past  year  we  have  attempted  to  organize  the  records 
of  the  experimental  work  of  the  Experiment  Station  on  a  better  basis. 
A  list  of  the  experiments  carried  on  by  each  department  has  been 
prepared  and  a  full  description  of  the  plans  of  the  work  has  been -filed 
in  the  office  of  the  Director.  It  is  hoped  by  this  means  to  keep  in 
close  touch  with  the  work  of  each  department  and  to  keep  informed 
of  the  progress  of  each  project  undertaken. 

The  Biological  Department:  With  the  increase  of  the  fruit  in- 
dustry of  the  state  we  find  that  the  enemies  of  the  fruit  are  multi- 
plying. The  older  pests  of  the  east  here  present  a  new  problem, 
while  we  have  some  problems  which  appear  to  be  peculiar  to  our- 
selves. The  pests  and  diseases  of  the  fruit  are  in  no  wise  as  bad  as 
in  most  eastern  sections  and  up  to  the  present  have  been  kept  fairly 
well  under  control.  The  biological  department  is  giving  its  best 
endeavors  to  help  our  fruit  growers  to  maintain  these  favorable  con- 
ditions. 

In  addition  to  the  usual  routine  work,  the  entomologist  of  the 
department  has  given  the  most  of  his  time  to  two  or  three  projects. 
In  the  study  of  the  oyster  shell  scale  some  definite  practical  results 
were  obtained  and  a  very  promising  new  treatment  for  this  insect 
has  been  found.  The  studies  on  sugar  beet  insects  have  been  con- 
tinued and  considerable  additional  data  gathered  on  the  several 
species.  Some  preliminary  studies  and  observations  were  made  on 
the  wood  tick  in  the  Bitter  Root  valley,  where  it  is  believed  to  have 
some  relation  to  the  spread  of  spotted  fever.  This  work  was  pre- 
paratory to  more  extended  studies  contemplated  for  the  coming 
year. 

The  plant  physiology  and  bacteriological  division  of  the  biology 
science  was  started  September  ist,   1909,  when  Dr.  W.  J.  Taylor 
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work  has  continued  the  studies^  of  its  two  main  problems,  viz., 
"Bark  and  wood  diseases  of  orchard  trees,"  and,  2nd,  "The  effect  of 
arsenic  on  vegetation."  The  second  problem  is  in  a  measure  an  out- 
growth of  the  first  as  the  description  of  the  injury  reported  from  other 
stations  as  due  to  arsenic  had  been  observed  in  Montana  where  no 
arsenious  sprays  had  been  used. 

Substantial  progress  has  been  made  in  studying  the  diseases  of 
orchard  trees  but  not  sufficient  information  has  been  gathered  to 
warrant  any  definite  conclusions.  Studies  with  the  pear  blight 
seem  to  indicate  that  treatments  that  work  out  in  other  places  seem 
to  leave  some  loop-hole  for  the  spread  ^f  the  disease  under  Montana 
conditions.  A  circular  on  the  general  treatment  of  this  disease  was 
issued  during  the  year. 

Tlie  studies  on  the  eflFect  of  arsenic  on  vegetation  were  only 
started  during  the  year  and  in  the  main  were  confined  to  greenhouse 
studies.  Some  valuable  and  interesting  information  has  been  gained, 
but  much  work  yet  remains  to  be  done. 

The  Agronomy  Department:  The  agronomy  department  was 
strengthened  during  the  year  by  appointment  of  an  assistant  for 
the  College  work.  The  head  of  the  department  now  gives  three- 
fourths  of  his  time  to  the  Experiment  Station. 

The  work  of  the  Agronomy  department  covers  five  general 
divisions. 

1st.  Crop  and  soil  studies  on  the  irrigated  land  at  the  home 
station 

2ud.  Crop  and  soil  studies  on  the  dry  land  at  the  Fergus 
countv  sub-station 

3rd.  Dry  farm  studies  at  some  eleven  substations  in  various 
parts  of  the  state 

4th.  Special  studies  on  nitrates  and  moisture  of  the  soil  under 
dry  farm  and  irrigated  conditions 

cth.  Agricultural  engineering  studies  with  special  problems 
in  seepage  and  drainage. 

The  season  was  not  particularly  favorable  for  crop  studies, 
yet'  substantial  progress  was  made  in  all  departments  of  the  work. 
The  crop  and  soil  studies  on  the  station  farm  have  been  located 
on  a  piece  of  land  which  is  believed  to  be  very  uniform  in  depth  and 
quality  and  several  new  projects  have  been  taken  up.  At  present 
some  forty  acres  of  irrigated  land  are  being  used  for  this  work  and 
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about  520  plats  are  being  used,  rn  this  division  of  the  agronomy 
work,  sufficient  data  has  been  gathered  for  two  bulletins;  one  on 
alfalfa  and  the  other  on  grain  varieties  and  these  it  is  planned  to 
prepare  in  the  near  future. 

The  past  season  saw  the  cropping  work  fully  inaugurated  at 
the  Fergus  county  sub-station.  The  season  was  one  of  excess  of 
rainfall  at  this  place.  The  crops  were  very  good,  but  no  conclusions 
can  be  drawn  from  the  work  here  for  several  years. 

At  the  dry  farm  substations  over  the  state  opportunity  h^s.been 
afforded  to  study  many  local  conditions  and  also  seasonal  climatic 
variations  in  the  various  parts  of  the  state  and  the  effect  of  these 
upon  the  crop  yield. 

The  special  studies  on  the  nitrates  and  moisture  of  the  soil 
have  been  continued  during  the  year  and  it  is  believed  that  some 
interesting  and  valuable  data  have  been  gathered.  This  material  is 
being  studied  during  the  winter  and  the  results  are  now  being  put 
into  bulletin   form. 

During  the  year,  with  the  resignation  of  the  head  of  the  rural 
engineering  work  of  the  station,  the  work  of  this  department  was 
connected  with  the  agronomy  department.  The  seepage  and  drain- 
age studies  have  been  continued  by  this  division  of  the  agronomy 
department. 

Animal  Industry:  The  animal  industry  department  has  two 
main  lines  of  work,  viz.,  experiments  in  beef  production  and  experi- 
ments in  pork  production.  During  the  year  work  with  dairy  cows 
has  been  taken  over  and  also  the  dairy  manufacture  work. 

The  principal  work  in  beef  production  during  the  year  has  been 
the  continuation  of  the  feeding  record  of  fifteen  beef  type  females 
carried  through  their  second  year.  From  these  animals  we  plan  to 
raise  calves  and  carry  them  through  till  ready  for  the  market.  In 
thi?  way  we  hope  to  get  accurate  data  on  the  cost  of  raising  and 
feeding  beefing  stock  on  the  cultivated  farm. 

A  bulletin  has  been  prepared  on  the  steer  feeding  work  for 
the  years  1906  to  1908. 

In  the  experiments  on  pork  production  a  large  number  of  tests 
have  been  made,  about  twenty  altogether,  covering  a  wide  range  of 
questions.  A  large  amount  of  data  has  been  accumulated,  but  the 
work  has  to  be  repeated  several  times  before  conclusions  can  be 
drawn. 
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Substantial  progress  has  been  made  in  the  wool  investigations 
of  the  department,  though  many  years  of  work  are  needed  to  get  defi- 
nite results. on  the  main  points  of  the  investigations.  The  veterinary 
department  is  co-operating  on  this  project  in  the  histological  studies 
of  the  wool  fibre. 

Chemical  Department:  The  weight  of  the  work  of  the  chemical 
department  during  the  past  year  was  given  to  the  alkali-cement 
investigation.  This  work  was  inaugurated  by  the  engineering  de- 
partment and  the  physical  phases  of  the  problem  were  worked  out 
by  that  department.  The  chemical  studies  of  the  problem  had  been 
carried  by  the  chemical  department  and  on  the  resignation  of  the 
station  rural  engineer  all  the  work  was  taken  over  by  the  chemist. 

Very  substantial  progress  has  been  made  during  the  year  with 
this  problem  and  it  is  believed  that  a  chemical  explanation  of  the  de- 
stuction  of  the  cement,  when  acted  on  by  alkali,  has  been  found. 
The  result  of  this  work  will  be  published  during  next  year. 

In  the  incubator  studies  a  large  number  of  facts  have  been 
gathered  during  the  year,  giving  much  accurate  data  as  to  the  con- 
dition surrounding  the  egg  during  natural  and  artificial  incubation. 
An  electric  incubator  or  electrobator,  was  used  during  the 
year  and  proved  a  valuable  aid  to  the  work  because  of  the  very  com- 
plete control  of  the  temperature. 

During  the  year  the  department  made  a  large  number  of  anal- 
yses for  other  departments,  but  particularly  for  the  agronomy  depart- 
ment, for  which  1800  soil  samples  were  analyzed  for  nitrates. 

Horticulture  Departmient:  The  work  of  the  horticulture  de- 
partment was  interfered  with  during  the  year  owing  to  the  fact  that 
the  head  of  the  department  resigned  at  the  beginning  of  the  crop 
season  and  a  new  man  had  to  take  hold  on  July  ist.  The  work  as 
outlined  at  the  beginning  of  the  year  was  continued  and  data  for 
another  year  have  been  added  to  our  observations  on  tree  fruits, 
small  fruits  and  on  vegetables. 

At  the  horticultural  substation  in  Ravalli  county,  no  improve- 
ments were  undertaken.  The  work  of  the  year  consisted  in  taking 
care  of  the  trees  and  carrying  out  the  tests  on  various  methods  of 
cultivating  them. 

Veterinary   Department:     The   new   department   of  veterinary 


SIXTEENTH  ANNUAL  REPORT  77 

was  engaged  to  take  charge  of  this  work.  The  old  dairy  building 
was  fixed  over  for  this  department  and  the  time  and  funds  of  the 
department  have  been  given  to  getting  the  equipment  in  place  for 
work  and  getting  acquainted  with  the  problems  calling  for  attention 
•n  I  he  state. 

i-cnltry  Department:  The  poultry  work  under  the  direction  of 
Mr.  W.  F.  Schoppe  has  made  good  progress  during  the  year.  The 
stock  is  in  the  best  condition  it  has  been  for  some  years.  Accurate 
results  have  been  kept  of  the  feed  used  and  of  the  egg  production 
from  the  various  hens  and  a  foundation  is  being  laid  for  valuable  work 
along  practical  lines.  At  the  present  stage  of  our  work,  we  are  put- 
ting particular  stress  on  the  development  of  an  economic  flock  and 
studying  the  mehods  of  management  that  make  for  the  largest  profit 
from  Poultry  keeping  in  Montana. 

MAILING    LIST. 

The  station  mailing  list  increased  during  the  year  by  about 
1250  names  and  now  totals  7247.  Of  this  number,  3966  are  citizens  of 
Montana,  about  100  names  are  from  foreign  countries  and  about 
970  names  are  citizens  of  other  states.  The  exchange  list  with  other 
experiment  stations  in  the  United  States  numbers  -2200.  In  addi- 
tion to  the  above  there  were  sent  out  from  the  office  about  5000 
miscellaneous  bulletins  which  were  called  for  by  letter  or  otherwise. 
A  bulletin  edition  of  0000  was  published  to  meet  these  various  de- 
mands. 


PU3LICATI0NS  OF  THE  YEAR. 

Dnring  the  past  year  the  station  has  adopted  the  plan  of  issuing 
two  kinds  of  pubblications — bulletins  and  circulars.  In  the  bulle- 
tins we  will  record  the  results  of  experiments.  These  publications 
may,  from  an  agricultural  point  of  view,  be  somewhat  fragm^entary, 
as  they  deal  with  but  a  small  section  of  agricultural  practice.  In  the 
circulars  we  will  attempt  to  give  practical  information  on  some  press- 
ing need  in  the  agricultural  work  of  the  state.  They  will  be  in  the 
nature  of  extension  bulletins  and  when  funds  warrant  the  establish- 
ment of  such  a  department,  they  should  be  issued  by  that  depart- 
ment. 
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During  the  year  three  bulletins  and  five  circulars  have  been 
issued  besides  the  Annual  Report,  covering  altogether  136  pages. 
This  has  been  one  of  our  lightest  years  for  publications.  Owing 
to  the  pressure  of  work,  much  material  on  hand  has  been  delayed 
in  preparation  so  that  at  present  there  is  quite  an  accumulation  of 
data  that  we  hope  to  get  ready  for  publication  during  the  coming 
season. 

Bulletin  No.  Tj,  Fruit  Tree  Planting  in  Montana  was  prepared 
Ly  Prof.  R.  W.  Fisher  before  he  severed  his  connection  with  the 
Station.  It  embodies  the  results  of  his  studies  and  observations  at 
the  station  and  over  the  state  for  several  years  past.     36  pages. 

Bulletin  No.  78.  Steer  Feeding  Experiments  by  Prof.  R.  W. 
Clark.  The  work  recorded  in  this  bulletin  was  started  by  F.  B. 
Linfield,  now  director,  and  continued  by  Prof.  Clark.  It  gives  the 
results  of  feeding  a  carload  of  steers  on  different  quantities  for  the 
c'ifferent  seasons.     12  pages. 

Bulletin  No.  79.  Seventh  Annual  Report  of  the  State  Elntomol- 
ogist.     10  pages. 

The  Sixteenth  Annual  Report  of  the  Experiment  Station  is  the  Di- 
rector's report  of  the  work  and  progress  of  the  station  during  the 
past  twelve  months,  26  pages. 

Circular  No.  i.  Home  Cheesemaking,  by  Prof.  W.  J.  Elliott, 
gives  some  practical  information  on  cheese  making  on  the  farm. 
8  pages. 

Circular  No.  2.     The  Pear  and  Apple  Blight  in  Montana,  by 

Prof.  Deane  B.  Swingle,  discusses  the  methods  of  identification  and 
treatment  of  the  pear  and  apple  blight.     10  pages. 

Circular  No.  3  Dry  Farming  Practice  in  Montana,  by  Prof.  A. 
Atkinson  and  Prof.  F.  S.  Cooley,  aims  to  give  practical  advice  on 
methods  of  soil  management  and  of  cropping  for  the  dry  bench  lands 
of  the  state,  putting  in  brief,  plain  language  the  results  of  our  experi- 
ments and  observations  in  cropping  such  lands.     24  pages. 

Circular  No.  4.  The  Army  Cutworm,  by  Prof.  R.  A.  Cooley, 
was  in  answer  to  a  demand  for  information  about  the  army  cut 
worm,  which  is  this  year  again  found  in  large  numbers  in  several 
parts  of  the  state.     10  pages. 
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LIST  OF  STATION  PUBLICATIONS  AVAILABLE  FOR  DltTRlBUTION. 

1 .  Organization — Announcements. 

2.  Smuts  of  Wheat,  Oats  and  Barley. 

32.  Eighth  Annual  Report. 

33.  Sugar  Beets  in  Montana. 

35.  Report  of  Feeding  Tests. 

36.  Forage  Conditions  in   Montana. 
40.     Root  Crops  in  Montana. 

42.  The   Codling   Moth. 
Ninth  Annual  Report. 

44.  Apple  Growing  in  Montana. 

45.  The  Loco  and  Some  Other  Poisonous  Plants  in  Montana. 

46.  Two  Insect  Pests. 

47.  Sheep  Feeding. 

48.  Steer    Feeding. 

51.  First  Annual  Report  of  the  Statt  Entomologist 

52.  Sugar   Beets. 

53.  Creameries  and  Cheese  Factories. 
67.  Practical    Beekeeping. 

69.  The  Effect  of  Alkali  on  Portland  Cement. 

70.  The  Douglas  Fir  Cone  Moth. 

71.  The  Fifth  Annual  Report  of  the  State  Entomologist. 

75.  The  Sixth  Annual  Report  of  the  State  Entomologist. 

76.  Seepage  and  Drainage. 

The  Fifteenth  Annual  Report. 
yj.     Fruit  Tree  Planting  in  Montana. 

78.  Steer  Feeding  Experiments. 

79.  The  Seventh  Annual  Report  of  the  State  Entomologist. 
Circular   i.     Home  Cheesemaking. 

Circular  2.     The  Pear  and  Apple  Blight  in  Montana. 
Circular  3.     Dry  Farming  Practice  in  Montana. 
Circular  4.     The  Army  Cutworm. 
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Summary  for  the  Year  1909. 

Highest  temperature 93  degrees,  July  ist. 

Lowest  temperature —  28  degrees,  Jan.   loth. 

Greatest  range 121  degrees 

Highest  monthly  mean 63.8  degrees,  August 

Lowest  monthly  mean 12.4  degrees,   Dec. 

Highest   daily  mean 78  degrees,  July   ist. 

Lowest  daily  mean —  18  degrees,  Jan.  8th 

Mean  temperature  for  the  year 40.16  degrees 

Greatest   total   precipitation    for   one   month. ..  .5.54   inches,    Sept. 

Least  total  precipitation   for  one  month 35  inch,  February 

Total   rainfall 22.34  inches 

First  killing  frost Sept.  nth 

Last  killing  frost May    i8th 

Number  of  clear  days  in  year 96 

Number  of  partly  clear  days  in  year 189 

Number  of  cloudy  days  in  year 80 

Days  with  .01  inch  or  more  of  precipitation 104 
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LETTER  OF  TRANSMITTAL. 


r 


Bozeman,  Montana,  January  31,  191 1. 
To  His  Excellency,  Edwin  L.  Norris, 

Governor  of  Montana. 
Dear  Sir: 

In  accordance  with  the  Congressional  Acts  of  March  2,  1887, 
and  March  16,  1906,  I  have  the  honor  to  transmit  herewith  tiie 
Seventeenth  Annual  Report  of  the  Montana  Experiment  Station.  The 
financial  statement  is  for  the  year  ending  June  30,  1910;  the  results 
of  investigations  of  the  several  departments  are  reported  to  the  end 
of  the  state  year,  November  30,   1910. 

Very  respectfully, 

F.  B.  LINFIELD,  Director. 
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REPORT  OF  TREASURER. 

The  Experiment  Station  of  the  Agricultural  College  of  the 
State  of  Montana  in  account  with  the  United  States  appropriation, 
1909-1910: 

Dr. 

Hatch   Fund     Adams  Fund 
To  receipts  from  the  Treasurer  of  the  United 
States  as  per  appropriation  for  fiscal  year 
ended  June  30,   1910,  under  Acts  of  Con- 
gress   approved    March    2,     1887,     (Hatch 

Fund),  and   March  16,  1906,  (Adams   Fund)  .$15,000.00  $13,000.00 

Cr. 

By  salaries     $8,063.35  $8,186.66 

Labor 2,575.50  2,291.44 

Publications 369.48  

Postage  and  stationery 756.38  16.93 

Freight  and  express 196.71  79-73 

Heat,  light,  water  and  power 534.48  

Chemical  supplies * 152.52  236.75 

Seeds,  plants  and  sundry  supplies 526.73  337-87 

Fertilizers 

Feeding   stuffs    415.10  497-49 

Library    322.43  32.80 

Tools,  implements  and  machinery 201 .65  91 .25 

Furniture  and  fixtures 215.84  49-65 

Scientific  apparatus   246. 15  724.25 

Live  stock   129 .  75  

Traveling  expenses   165 .  10  455 .  18 

Contingent  expenses   15.00  

Buildings  and  land    133-85  


Total   $15,000.00    $13,000.00 


We,  the  undersigned,  duly  appointed  auditors  of  the  corpora- 
tion, do  hereby  certify  that  we  have  examined  the  books  and  ac- 
counts of  the  Experiment  Station  of  the  Agricultural  College  of  the 


State  of  Montana,  for  the  fiscal  year  ending  June  30,  1910;  that  we 
have  found  the  same  well  kept  and  classified  as  above,  and  that  the 
receipts  for  the  year  from  the  treasurer  of  the  United  States  are 
shown  to  have  been  $15,000.00  under  the  act  of  Congress  of  March 
2.  1887,  and  $13,000.00  under  act  of  Congress  of  March  16,  1906,  and 
the  corresponding  disbursements  $15,000.00  and  $13,000.00,  for  all 
of  which  proper  vouchers  are  on  file  and  have  been  by  us  examined 
and  found  correct,  thus  leaving  no  balance. 

And  we  further  certify  that  the  expenditures  have  been  solely 
for  the  purposes  set  forth  in  the  acts  of  Congress  approved  March  2^ 
1887,  and  March  16,  1906,  and  in  accordance  with  the  terms  of  said 
acts.  Respectfully, 

Signed :  J.  H.  BAKER. 

WALTER  S.  HARTMAN. 

Auditors. 
Attest:     G.  R.  CALLAWAY,  CustodiaiK 


EXPERIMENT    STATION    MISCELLANEOUS    FUND 

Dr.  Individ-      Farm 

To  receipts  from  other  sources  than     State         uals      Products  •     Total 
the  United  States  for  the  year  ended 

June  30,   1910    $32,990.48  $7,011.26  $6,384.34 

Cr. 

By   salaries    $4,199.16 

Labor    8,943.70 

Publications  100.00 

Postage  and  stationery  74.15 

Freight  and  express   172.02 

Heat,  light,  water  and  power 763.04 

Chemical    supplies    37.10 

Seeds,  plants  and  sundry  supplies.     1,709.07 

Fertilizers    

Feeding   stuffs    199.58  193.30  392.88 

Library    

Tools,  implements  and  machinery.     1,502.85       442.54       198.40        2,143.79 

Furniture  and  fixtures    128.76  57.60  186.36 

Scientific  apparatus    90.00 90.00 

Live    stock    1,635.18  1,635.18 

Traveling    expenses    894.12    1,121.84  2,015.96 

Contingent   expenses    52.00  2.50  54.50 

Buildings    and   land    12,489.65       496.75       192.06       13,178.46 


7,011.26  $6,384.34 

$46,386.08 

$232.00  $1,380.00 

$5,811.16 

4,334.82 

3,321.45 

16,599.97 

20.00 

120.00 

•  •••«■• 

69.55 

143.70 

288.99 

74.78 

535.79 

144.07 

907.11 
37.10 

74.32 

750.63 

2,534.02 

Total    $32,990.48  $7,011.26  $6,384.34     $46,386.08 


REPORT  OF  THE  DIRECTOR. 


INTRODUCTION 

The  Adams  Act  passed  by  the  United  States  Congress  fivct 
}  ears  ago  provided  for  the  doubling  of  the  appropriation  to  the  agri- 
cultural experiment  stations  of  the  various  States.  We  received  the 
past  year  from  this  fund  $13,000.00,  making  a  total  of  $28,000.00  per 
year  from  the  Federal  Government.  This  year  the  total  will  be 
$30,000.00,  the  full  amount  available  under  the  Government  Acts. 
Nevertheless,  with  the  increased  appropriations  have  come  restric- 
tions as  to  the  use  of  these  funds.  The  latest  additions  to  our 
Federal  grant  can  only  be  used  in  carrying  on  original  investigations. 
They  are  not  available  for  expenses  of  administration,  maintenance 
of  plant,  nor  for  publications.  None  of  the  Federal  funds  can  be 
used  for  the  support  or  maintenance  of  substations,  nor  for  many  of 
the  preliminary  experiments  that  are  called  for  in  a  new  country. 
This  necessitates  large  appropriations  from  the  State  if  we  are  to 
make  proper  use  of  the  Federal  grants. 

The  increase  in  funds  and  the  higher  demands  of  the  work  have 
called  for  an  increase  in  the  number  and  an  improvement  in  the 
training  of  the  station  workers  and  also  for  some  reorganization  of 
the  work. 

As  our  country  is  new  agriculturally  and  is  developing  rapidly, 
it  has  seemed  wise  to  emphasize  in  our  work  the  productive  side  of 
agriculture  and  to  study  especially  for  improvement  in  our  plants 
and  animals  and  improved  methods  of  growing  and  handling  them. 
We  have,  therefore,  enlarged  greatly  our  work  in  agronomy,  in 
animal  industry,  and  in  horticulture,  while  the  chemistry  depart- 
ment, which  contributes  to  all  of  these,  has  also  been  strengthened. 

We  have  not  neglected,  however,  work  on  the  protective  side 
of  agriculture,  viz.,  the  study  of  plant  diseases,  of  insect  pests,  and 
of  the  evils  arising  from  the  excessive  or  wrong  use  of  irrigation 
water. 


ANNUAL  REPORT  239 

Because  of  the  need  for  a  better  quality  of  work  and  for  greater 
concentration  by  our  workers,  most  of  the  heads  of  departments 
now  give  three-fourths  of  their  time  to  the  station  work  while  their 
assistants  give  their  time  either  wholly  to  the  station  or  wholly  to 
the  college.  Our  experience  seems  to  justify  the  conclusion  that 
this  plan  is  conducive  to  the  greatest  economy  and  efficiency  in  the 
work  of  both  the  college  and  the  experiment  station. 

IMPROVEMENTS 

During  the  past  year  the  appropriation  for  farm  buildings  made 
by  the  legislature  of  1909  became  available.  Early  in  the  season  an 
addition  to  the  poultry  plant  was  built.  This  is  14  by  30  feet,  witii 
basement  and  one  story  above.  The  first  floor  provides  an  office 
and  a  class  room,  a  sleeping  room  for  an  attendant,  and  bins  for 
feed  storage.  The  basement,  which  is  of  cement  with  cement  floor, 
is  used  as  an  incubator  cellar.  The  whole  building  is  heated  by  the 
hot  water  system.  This  addition  has  very  much  improved  the  fa- 
cilities for  the  poultry  work.     The  cost  was  about  $1000.00. 

Another  building  constructed  was  a  sheep  barn.  This  is  40 
by  50  feet  with  two  wings,  one  20  by  88  feet  and  the  other  20  by  60 
feet.  The  main  part  of  the  building  has  under  it  a  cellar  25  by  25 
feet  for  the  storage  of  roots,  etc.  One  side  of  the  first  floor  is  used 
for  sheep  pens  while  the  remainder  is  divided  into  work  and  storage 
rooms.  Above  this  fioor  is  a  loft  large  enough  for  the  storage  of  50 
tons  of  hay.  The  building  is  provided  v/ith  a  'platform  scale  of  2000 
pounds  capacity  and  is  equipped  with  running  water  and  electric 
lights.  A  steer  feeding  bam  was  also  erected,  which  is  50  by  50 
feet  with  two  wings,  each  25  by  25  feet.  This  provides  space  for 
four  feeding  pens  21  by  25  feet.  The  rest  of  the  first  floor  is  used 
for  feed  rooms  and  grain  storage.  The  floor  above  has  storage  room 
for  about  75  tons  of  hay.  A  platform  scale  of  four  tons  capacity  is 
provided  in  this  building.  The  sheep  and  steer  feeding  bams  cost 
about  $8500.00. 

The  remainder  of  the  $10,000.00  appropriation  made  by  the 
State,  supplemented  by  some  of  the  income  from  the  farm,  was 
spent  in  moving  the  implement  shed  about  60  feet  to  the  north 
and  away  from  the  horse  barn,  and  in  the  erection  of  a  wing  about 
20  by  60  feet  on   one  end  of  this   shed.       Half  of  this  wing  is 
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used  for  box  stalls  for  horses  and  the  other  half  for  machintry. 
About  $800.00  was  spent  in  these  improvements. 

On  the  Fort  Ellis  farm,  which  was  turned  over  to  the  Exper- 
iment Station  in  the  spring  of  1909,  were  a  large  number  of  old 
buildings  with  worn-out  shingles  and  rotten  foundations.  None  of 
them  were  suitable  for  housing  either  the  workmen  or  the  live  stock. 
The  policy  followed  was  to  tear  down  some  of  the  old  buildings 
and  use  the  material  thus  obtained  in  repairing  others.  One  building 
has  been  remodeled, — a  stone  foundation  put  under  it,  a  new  floor 
laid,  partitions  put  in,  and  the  roof  shingled.  This  now  makes  a 
very  comfortable  farm  house.  Another  building  has  been  made 
over  into  a  horse  stable  suitable  for  ten  to  twelve  horses,  with 
storage  above  for  several  tons  of  hay.  A  long  building  that  was 
erected  as  a  mess  house  has  also  been  fitted  up  for  farm  use.  Half 
of  it  is  used  as  a  live  stock  shed  and  the  other  half  for  storage 
of  grain  and  hay.  These  various  improvements,  together  with  some 
fencing  that  was  needed,  cost  about  $2,000.00.  There  is  yet  required 
a  shed  for  the  storage  of  the  various  farm  implements  and  wagons. 
This  we  hope  to  provide  during  the  next  season  from  the  income 
of  the  farm. 

At  the  dry  farm  substation  in  the  Judith  Basin,  a  farm  cottage, 
a  granary,  and  an  implement  shed  were  constructed.  These  cost 
about  $4,000.00.  About  $1,000.00  was  expended  for  horses,  farm 
equipment,  and  a  well. 

At  the  horticultural  substation  in  the  Bitter  Root  Valley  a 
farm  cottage  was  erected  at  a  cost  of  $1,800.00  and  a  small  stable  for 
about  $400.00.  About  $1,000.00  was  spent  for  a  team  of  horses, 
tarm  machinery,  and  other  equipment. 

SUBSTATIONS 

At  the  dry  farm  substation  in  the  Judith  Rasin  we  had  close 
to  the  average  precipitation  for  the  season,  though  the  rainfall  in 
June  and  July  was  only  about  half  the  normal.  The  crops  of  all 
kinds  were  very  good,  though  hardly  equal  to  those  of  the  previous 
season,  in  which  there  was  an  excessive  rainfall.  From  the  nature 
of  the  work  carried  on  at  this  station,  definite  conclusions  cannot 
be  drawn  from  the  studies  being  made  for  several  years.  As  soon 
as  any  facts  of  value  are  available  the  results  will  be  published. 
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The  farmers  of  the  neighborhood  are  very  much  interested 
m  the  work  of  this  station.  On  July  29,  1910,  the  residents  of  the 
Basin  were  invited  to  a  picnic  at  the  station  and  fully  2,500  people 
were  on  the  grounds.  They  drove  in  from  thirty  to  forty  miles, 
and  the  local  trains  from  Great  Falls  and  Billings  brought  large 
numbers,  as  the  Great  Northern  Railway  gave  a  special  rate  and 
ran  the  trains  so  as  to  permit  the  people  to  spend  several  hours 
at  the  farm.  Many  public  men,  including  Governor  Edwin  T-. 
Norris,  were  present  and  addressed  the  assembly.  Because  of  the 
great  interest  shown  in  this  gathering  it  is  planned  to  make  it  an 
annual  affair. 

At  the  horticultural  substation  in  the  Bitter  Root  Valley  little 
more  could  be  done  than  to  cultivate  the  ground  and  to  prune  the 
trees  so  as  to  encourage  rapid  and  proper  growth.  The  tr*es  have 
done  very  well  indeed  during  the  season. 

During  the  past  year  thirteen  demonstration  dry  farms  have 
been  operated.  New  farms  were  started  last  year  at  Billings,  Clyde 
Park,  Helena  and  Harlowton.  At  several  of  these  demonstratioti 
farms  special  meetings  with  farmers  were  held  and  the  work  of  the 
farm  fully  explained. 

On  the  average  for  the  whole  State,  last  year  was  the  driest 
season  experienced  since  the  dry  farm  studies  were  started.  In 
many  places  there  was  practically  no  rain  during  June,  which  is 
usually  the  wettest  month  of  the  year.  Moreover,  the  month  was 
very  hot.  Under  the  circumstances  the  crops  of  the  season  were 
very  good  indeed.  At  every  place  where  the  land  was  properly 
prepared  the  year  before,  paying  crops  were  obtained. 

COOPERATIVE    EXPERIMENTS 

As  in  years  past  the  Montana  Experiment  Station  has  been 
carrying  on  work  in  cooperation  with  the  United  States  Department 
of  Agriculture,  and  with  the  Northern  Pacific  and  the  Chicago, 
Milwaukee   and   Puget   Sound   railways. 

At  the  dry  farm  substation  in  the  Judith  Basin  we  are  cooperat- 
ing with  the  Offices  of  Dry  Land  Agriculture  and  of  Grain  Inves- 
tigation of  the  P>ureau  of  Plant  Industry.  We  are  also  cooperating 
with    the    lUireau    in  work    being   started   on    the    Huntley    Project. 
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This  cooperation  has  been  of  great  help  to  the  State  as  it  has 
permitted  large   extension   of  our  work. 

On  the  college  farm  at  Bozeman  studies  on  the  evaporation  of 
water  from  irrigated  land  and  its  control  have  been  carried  on  in 
cooperation  with  the  Irrigation  Division  of  the  Office  of  Experiment 
Stations. 

In  the  Bitter  Root  Valley  our  entomologist  has  been  cooperat- 
ing with  the  Bureau  of  Entomology  in  studies  on  the  life  history 
and  control  of  the  wood  tick,  which  is  concerned  in  the  dissemina- 
tion of  the  Rocky  Mountain  SfK>tted  fever. 

During  the  past  year  the  Northern  Pacific  railway  contributed 
$7,500.00  to  our  work  on  the  demonstration  dry  farms.  This  was 
used  to  support  work  at  Adams  in  Dawson  County,  at  Terry  (two 
larms)  in  Custer  County,  at  Forsyth  in  Rosebud  County,  at  Billings 
in  Yellowstone  County,  at  Clyde  Park  in  Park  County,  and  at 
Helena  in  Lewis  and  Clark  County, — seven  stations  in  all.  This 
is  the  sixth  year  that  the  Northern  Pacific  railway  has  contributed 
to  this  work,  and  it  has  donated  altogether  $23,000.00.  When  we 
consider  that  it  was  due  to  this  company  that  we  were  able  to 
start  these  dry  farm  studies  six  years  ago,  we  realize  that  the 
Experiment  Station,  and  also  the  State,  have  much  reason  for 
thankfulness  to  the  Northern  Pacific  railway,  and  especially  to  Mr. 
Thomas  Cooper,  land  commissioner,  upon  whose  initiative  the 
work  was  undertaken. 

Two  years  ago  the  Chicago,  Milwaukee  and  Puget  Sound  rail- 
way joined  with  the  Experiment  Station  to  carry  on  some  demon- 
stration farms  along  their  line  in  Montana.  Farms  were  started 
at  Baker  in  Custer  County,  and  at  Roundup  in  Fergus  County. 
During  the  past  year  this  railway  increased  its  appropriation  to 
$2,500.00  and  a  new  farm  was  started  at  Harlowton. 

All  the  railroads  of  the  State,  viz.,  the  Northern  Pacific,  the 
Chicago,  Milwaukee  and  Puget  Sound,  the  Great  Northern,  and 
the  Oregon  Short  Line,  furnished  free  transportation  to  the  Exper- 
iment Station  staff  engaged  in  the  experimental  and  extension  work 
ever  the  State.  This  has  been  a  very  great  help  in  extending  our 
work.  However,  a  decision  of  the  State  supreme  court  during 
the  past  fall  declares  the  giving  of  passes  for  any  purpose  illegal, 
so  that  this  accommodation  can  no  longer  he  granted. 
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THE    STATION    STAFF 

There  have  been  no  important  changes  in  the  station  staff 
during  the  past  year.  Several  new  assistants  have  been  engaged 
and  a  few  readjustments  made  of  the  time  given  to  the  station 
work  by  some  of  the  staif. 

Last  June  Mr.  Daniels  Scoates,  a  graduate  of  Iowa  Agricultural 
College,  was  engaged  as  assistant  agricultural  engineer.  Inside 
of  three  months,  however,  an  offer  of  greatly  increased  pay  from 
another  institution  led  him  to  resign  his  position  with  us.  Mr.  H, 
B.  Bonebright,  a  graduate  of  the  Iowa  Agricultural  College  and 
for  three  years  past  assistant  in  agricultural  engineering  at  the 
Colorado  Agricultural  College,  has  been  engaged  to  take  charge  of 
the  work,  beginning  February   i,   1911. 

At  the  beginning  of  the  fiscal  year,  July  ist,  Mr.  J.  R.  Parker, 
a  graduate  of  Massachusetts  Agricultural  College,  was  engaged 
as  assistant  entomologist  to  give  his  whole  time  to  station  work. 
At  the  same  time  Mr.  L.  G.  Schermerhom,  a  graduate  of  the  same 
institution,  was  engaged  as  assistant  horticulturist,  giving  one-half 
time  to  the  Experiment  Station.  On  September  ist  Mr.  R.  F. 
Miller,  a  graduate  of  Texas  Agricultural  College,  was  engaged  as 
an  assistant  in  animal  industry,  to  give  all  his  time  to  station  work. 
Mr.  H.  P.  Griffin,  who  last  year  gave  two-thirds  time  to  the  Ex- 
periment Station,  was  transferred  wholly  to  college  work.  Prof. 
R.  W.  Clark,  head  of  the  animal  industry  department,  since  July 
1st  has  given  three-fourths  of  his  time  to  Experiment  Station  work 
instead  of  one-half  as  heretofore.  Mr.  R.  C.  Jones,  who  was  en- 
gaged as  dairyman  when  Prof.  W.  J.  Elliott  left,  was  transferred 
wholly  to  college  work. 

AGRICULTURAL    EXTENSION 
FARMERS'  INSTITUTES 

The  station  staff  continues  to  give  considerable  time  to  the 
farmers'  institute  work,  though  the  demands  have  not  been  as  great 
as  in  previous  years.  During  the  month  of  June  nearly  all  the 
staff  spent  one  to  two  weeks  in  giving  instruction  on  a  special 
"better  farming"  train  that  was  run  across  the  State  by  the  Northern 
Pariflr  Railwav  company.     This  was  our  first  experience  with  the 
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agricultural  train.  It  proved  a  very  attractive  and  valuable  feature 
of  the  work. 

During  the  year  there  has  been  a  growing  interest  in  the  farm- 
ers' institute  work,  especially  from  the  new  settlers  who  are  rapidly 
taking  up  the  vacant  government  lands  of  the  State. 

During  the  spring  of  1910  Mr.  J.  J.  Hill,  of  the  Great  Northern 
railway,  offered  $1000.00  for  prizes  in  a  corn  growing  contest  among 
the  boys  and  girls  of  the  State.  This  aroused  considerable  interest 
and  in  spite  of  an  unpropitious  season  some  excellent  samples  of 
corn  were  grown,  Yellowstone  County  carrying  off  the  prize  for 
the  best  ten  ears. 

The  practical  talks  at  the  several  high  schools  of  the  State 
have  been  continued  during  the  year  and  a  lively  interest  in  the 
lectures  has  been  shown. 

CORRESPONDENCE 

The  Experiment  Station  staff,  in  addition  to  its  regular  duties, 
is  carrying  on  a  large  correspondence  school.  During  the  past  six 
years  the  office  force  of  stenographers  has  increased  from  one  to 
five,  and,  if  the  demands  for  information  continue  to  grow,  addi- 
tional help  will  have  to  be  secured  during  the  coming  year. 

For  the  year,  ending  November  30,  1910,  7500  letters  were  sent 
out.  This  correspondence  was  distributed  among  the  departments 
as  follows:  Agronomy,  2100  letters  and  2000  circulars;  animal  in- 
dustry, 1000  letters;  biology,  1200  letters;  chemistry,  200  letters; 
horticulture,  560  letters;  poultry,  450  letters;  director's  office,  1000 
letters;  farmers'  institutes,  about  1000  letters  and  several  thousand 
circulars. 

THE    WORK    OF    THE    YEAR 

Definite  results  from  agricultural  experiments  generally  take 
several  years  to  work  out.  As  a  rule,  therefore,  it  is  not  possible 
to  report  more  than  progress  on  most  of  the  experiments  at  the 
end  of  the  year. 

At  the  present  time  there  are  in  progress  over  forty  different 
experiments  on  various  phases  of  agriculture  and  related  sciences. 
Half  of  the  money  received  fronr  the  Federal  government,  known 
as  the  Adams  Fund,  is  concentrated  on  eleven  of  these  investigations. 
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Biology  Department:  The  demands  on  the  biology  department 
are  growing  much  faster  than  our  ability  to  take  care  of  them. 
No  new  work  was  taken  up  by  the  department  during  the  year, 
but  substantial  progress  has  been  made  on  the  projects  in  hand. 

Studies  were  continued  on  the  control  of  the  oyster  shell  scale. 
Some  additional  facts  have  been  gathered  about  the  life  history 
of  this  pest  and  during  the  year  work  has  been  started  on  the  in- 
troduction of  parasitic  mites  to  aid  in  its  control. 

The  work  on  sugar  beet  insects  has  resolved  itself  into  a  study 
of  certain  insects,  among  which  the  sugar  beet  louse  and  the  grass- 
hopper are  prominent.  Good  progress  has  been  made  but  much 
work  yet  remains  to  be  done. 

A  most  important  part  of  the  work  of  the  department  was  the 
study  of  the  wood  tick,  carried  on  principally  in  the  Bitter  Root 
Valley.  This  work  was  supported  by  the  State  appropriation  for 
the  state  entomologist  and  by  funds  contributed  by  the  Bureau  of 
Entomology,  U.  S.  Department  of  Agriculture.  Important  pro- 
gress was  made  in  this  study  during  the  year  and  a  publication  is 
planned,  reporting  the  results  of  the  work  to  date. 

In  following  up  the  insect  survey  of  the  State,  observations 
have  been  made  on  a  large  number  of  insects. 

The  leading  problem  carried  on  by  the  botanist  and  bacteriolo- 
gist has  been  a  study  of  the  effect  of  arsenical  compounds  on  vegf^ta- 
ation.  Experiments  have  been  started  on  orchard  trees,  on  garden 
crops,  and  in  the  greenhouses.  During  the  summer  a  trip  >vas 
made  to  Colorado  and  Utah  to  get  acquainted  with  similar  studies 
being  carried  on  at  these  stations.  The  Montana  Station  is  under 
obligation  to  the  men  of  these  stations  for  their  cordial  help  and 
assistance  in  learning  the  conditions  of  the  problem  as  it  exists 
in  those  states. 

An  important  conclusion  reached  is  that  serious  injury  to  apple 
trees  may,  under  certain  conditions,  result  from  application  of  the 
so-called  "insoluble"  arsenical  insecticides.  Studies  are  being  con- 
tinued on  the  extent  of  this  injury,  the  conditions  under  which  in- 
jury is  done,  and  the  methods  of  protection  that  may  be  resorted  to. 

Considerable  advancement  has  been  made  in  the  study  of  the 
Montana  apple  canker,  the  collar  rot  of  apples,  and  the  black  heart 
of  apples.    A  new  disease  designated  as  the  "brown  bark  spot"  has 
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been  observed  doing  considerable  injury  in     a  few  districts  of  the 
State. 

With  the  agricultural  development  of  the  State  and  the  increase 
in  the  number  of  fruit  trees  planted,  especially  in  the  newly  settled 
sections,  comes  an  increase  in  the  diseases  of  fruit  trees.  Observa- 
tions have  been  made  during  the  year  on  the  pear  and  apple  blight, 
the  apple  scab,  some  plum  diseases  and  the  strawberry  leaf  spot. 

The  division  has  also  been  called  upon  to  make  a  large  number 
of  tests  and  examinations  in  order  to  facilitate  diagnosis  of  diseases, 
to  determine  the  sanitary  condition  of  ice  and  water,  and  to  identify 
many  plants,  weeds,  etc.  This  is  routine  work  outside  any  particu- 
lar problem.  It  takes  considerable  time  but  is  required  by  the  people 
of  the  State. 

Agronomy  Department:  The  agronomy  studies  are  of  very 
great  importance  in  a  new  and  developing  country.  The  beginning 
of  all  agricultural  practice  is  the  plant  crop  from  the  land.    What 

methods  of  soil  management  to  follow  and  what  crops  to  sow  to  get 

« 

the  largest  and  most  profitable  returns  from  the  land,  are  leading 
questions. 

For  the  past  five  years,  because  of  the  very  large  number  of 
people  coming  to  the  State  and  settling  on  the  bench  lands,  the  dry 
farm  studies  have  been  made  a  prominent  part  of  the  work  of  the 
agronomy  department.  Some  very  substantial  progress  has  been 
made.  The  studies  of  the  past  six  years  on  the  temporary  dry  farm 
stations  have  been  compiled  and  published  as  Bulletin  No.  83.  Some 
definite  conclusions  as  to  dry  farm  practice  in  the  drier  sections  of 
the  State  are  given  in  this  bulletin.  These  experiments  were  of 
necessity  limited  in  their  scope  and  present  but  a  beginning  in  the 
study  of  the  problems  of  dry  land  agriculture. 

At  the  dry  farm  substation  in  the  Judith  Basin,  where  extensive 
and  comprehensive  studies  on  soil  and  crop  management  and-  dry 
farm  crops  are  being  carried  on,  the  season's  work  was  most  suc- 
cessful. 

On  the  field  experimental  grounds  on  the  college  farm,  a  large 
number  of  cropping  tests  are  being  conducted.  The  past  season  com- 
pletes five  years  of  study  with  some  of  these  grains  and  a  bulletin. 
No.  84,  has  been  prepared,  giving  the  results  of  variety  studies  made 


248  MONTANA  EXPERIMENT  STATION 

with  wheat,  oats,  and  barley ;  also  some  conclusions  on  the  amount 
of  seed  to  use  and  the  most  favorable  date  to  sow  the  seed. 

The  seepage  studies  were  interrupted  by  the  resignation  of  Mr. 
Scoates  but  will  be  resumed  as  soon  as  his  successor  can  take  up 
the  work. 

The  moisture  and  nitrate  studies  were  continued  during  the 
season  at  the  Forsyth  substation.  Some  very  interesting  and  val- 
uable facts  have  been  worked  out,  and  these  are  being  prepared  for 
publication.  As  our  lease  on  the  Forsyth  farm  has  expired  the  work 
will  be  transferred  to  the  Fort  Ellis  farm  near  Bozeman. 

Animal  Industry  Department:.  The  work  with  both  beef  and 
dairy  cattle  has  been  interfered  with  considerably  during  the  year. 
Exact  records  are  being  kept  of  the  cost  and  income  from  both  be^f 
and  dairy  animals. 

Slow  but  definite  progress  is  being  made  in  the  studies  with 
wool. 

With  hogs,  an  extensive  series  of  experiments  is  being  con- 
ducted that  have  a  practical  bearing  on  hog  feeding  in  Montana. 

Chemistry  Department:  During  the  year  the  chemistry  de- 
partment has  completed  the  work  and  prepared  for  publication  the 
results  of  the  studies  on  the  effect  of  alkali  on  Portland  cement.  The 
lull  report  of  the  work  and  the  results  secured  is  given  in  Bulletin 
No.  8i.  A  popular  edition  of  this  bulletin  is  issued  as  a  circular 
entitled  "Action  of  Alkali  on  Hydraulic  Cements."  The  department 
has  yet  to  study  various  waterproofers  and  their  action  and  effect 
in  protecting  cement  structures. 

Work  on  egg  incubation  was  continued  during  the  season  and 
new  facts  are  being  added  to  our  knowledge  of  conditions  and  re- 
actions accompanying  incubation,  both  in  the  incubator  and  under 
the  hen. 

A  new  project  was  taken  up  at  the  beginning  of  the  summer 
season.  It  was  a  broadening  of  the  work  on  nitrates,  which  was 
started  a  few  years  ago  by  the  agronomy  department.  Only  a  start 
was  made  in  this  work  during  the  year. 

In  addition  to  the  above  the  department  has  made  several  rou- 
tine analyses  for  other  departments.  For  the  ap:ronomy  dcpr.rtnient 
seven  hundred  to  ei^e^ht  hundred  samples  of  soil  have  been  analvzpd 
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for  nitrate,  and  a  number  of  miscellaneous  analyses  have  been  made 
for  the  animal  industry  and  biology  departments.  The  meteorolog:- 
ical  observations  for  the  vear  have  been  continued.  The  record  for 
the  year  1910  is  included  in  this  report. 

Horticultural  Department.  The  work  of  this  department  has 
been  along  lines  laid  out  in  previous  years.  On  the  college  urm  a 
large  variety  of  vegetables  have  been  tested,  and  varioii->  methods 
of  management  applied.  It  is  planned  to  publish  the  results  of  this 
work  in  the  near  future. 

Observations  have  been  continued  on  small  friuts,  the  tree 
fruits,  and  the  ornamental  trees  and  shrubs.  Several  young  ?nd 
new  varieties  have  been  planted  and  studied. 

During  the  summer  a  bulletin  prepared  by  Prof.  R.  W.  Fisher, 
our  former  horticulturist,  ''Ornamental  Trees  and  Shrubs  for  Mon- 
tana,*' was  published. 

At  the  horticultural  substation  nothing  further  was  attempted 
than  to  keep  the  fruit  trees  and  small  fruits  growing,  and  to  take 
notes  on  the  effect  of  different  methods  of  cultivation  on  their 
growth  and  thriftiness.  The  trees  mad^  exceiienl  growth  during 
ihe  yeai. 

Veterinary  Department:  But  one-third  of  the  time  of  the  vet- 
erinary department  was  given  to  experiment  station  work  the  past 
season.  Work  on  the  study  of  wool  has  been  done  in  cooperation 
with  the  animal  industry  department,  and  some  studies  have  been 
made  on  treatments  for  contagious  abortion  among  cattle.  Consid- 
erable equipment  has  been  added  during  the  year  so  that  the  labora- 
tories are  now  in  excellent  shape  for  the  work  of  the  department. 
Much  of  the  time  of  the  head  of  the  department  has  been  given  to 
the  care  of  the  live  stock  on  the  farm. 

Poultry  Division:  As  during  the  previous  season  the  poultry 
work  has  been  carried  on  as  a  demonstration,  making  exact  studies 
of  the  cost  of  production,  the  returns  from  different  pens,  and  from 
different  breeds.  Trap  nests  are  being  used  in  all  the  pens  and  eggs 
from  the  best  layers  only  taken  for  hatching.  Several  types  of  houses 
are  being  used  and  their  adaptability  to  climatic  conditions  in  Mon- 
tana is  being  studied. 
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THE    MAILING    LIST 

The  mailing  list  of  the  Experiment  Station  continues  to  increase, 
about  one  thousand  names  having  been  added  during  the  year,  most 
of  them  from  the  State. 

The  total  number  of  names  on  this  list  is  now  about  8^00.  Oi 
these  about  4,600  are  from  Montana,  1,200  from  other  states,  113 
from  foreign  countries,  and  2,500  from  other  colleges  and  experiment 
stations  in  the  United  States. 

In  addition  to  the  bulletins  sent  out  to  those  on  the  mailing  list 
about  5,OQO  were  sent  out  in  answer  to  special  requests. 

PUBLICATIONS   OF   THE   YEAR 

Five  bulletins,  the  seventeenth  annual  report,  and  four  circulars 
make  up  the  publications  of  the  year. 

The  bulletins  record  the  results  of  our  investigations  as  reported 
to  date,  and  the  circulars  present  in  popular  form  some  facts  on  ag- 
ricultural practice  adapted  to  Montana  conditions — ^the  results  of  our 
experiences,  studies,  and  observations  in  this  State.  The  circulars 
are  for  distribution  only  in  the  State.  The  bulletins  cover  261 
pages   and   the   circulars   50  pages. 

Bulletin  No.  80,  "Ornamental  Trees  and  Shrubs  for  Montana," 
was  written  by  Prof.  R.  W.  Fisher  before  he  severed  his  connection 
with  the  station.  It  records  the  results  of  observations  and  studies 
made  on  the  grounds  of  the  Experiment  Station  and  over  the  State 
on  shade  trees  and  shrubs.    Forty-six  pages,  edition  9,000. 

Bulletin  No.  81,  "The  Destruction  of  Hydraulic  Cements  by  the 
Action  of  Alkali  Salts,"  by  Prof.  Edmund  Burke,  assisted  by  R.  M. 
Pinckney,  gives  the  results  of  the  chemical  studies  on  the  action  of 
alkali  on  Portland  cement.  It  is  a  technical  bulletin  and  not  for 
general  distribution.  A  popular  edition  has  been  prepared  and  issued 
as  Circular  8.    Eighty-six  pages,  8  plates,  edition  5,000. 

Bulletin  No.  82,  "The  Eighth  Annual  Report  of  the  State  En- 
tomologist," is  a  statement  of  the  work  and  needs  along  entomolog- 
ical lines  in  this  State.  It  is  not  for  general  distribution  bur  will  be 
sent  to  any  person  upon  request.    Sixteen  pages,  edition  5,000. 

Bulletin  No.  83,  "Dry  Farming  Investigations  in  Montana,"  by 
Prof.  A.  Atkinson,  covers  nearly  the  same  ground  as  Bulletin  No. 
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74,  but  adds  the  results  gained  from  two  more  years  of  study,  thus 
enabling  more  valuable  conclusions  to  be  drawn.  Fifty-four  pages, 
21  plates,  edition   15,000. 

Bulletin  No.  84,  "Grain  Investigations  with  Wheat,  Oats  and 
Barley,"  by  Prof.  A.  Atkinson,  records  the    results  of    five    years 
study  of  many  varieties  of  grain  and  methods  of  planting  them,  the 
'  work  having  been  done  on  the  station  field  experimental  grounds. 
Twenty-four   pages,   4  plates,   edition    12,000. 

The  Seventeenth  Annual  Report  of  the  Experiment  Station  is 
the  Director's  report  of  the  work  and  the  progress  of  the  Experiment 
Station  during  the  past  year.  Thirty-one  pages,  2  plates,  edition 
12,000. 

The  circulars  have  been  prepared  to  meet  a  popular  demand  for 
infor»nation  on  farm  practice,  applicable  to  Montana  conditions. 
Large  editions  are  being  published,  and  the  list  of  titles  will  be 
added  to  as  rapidly  as  time  and  means  will  permit. 

Circular  5,  "Alfalfa  Management  in  Montana,"  by  Prof.  A. 
Atkinson,  is  a  brief  statement  in  regard  to  the  seeding  and  manage- 
ment of  alfalfa.    Seven  pages. 

Circular  6,  "Flax  Growing  in  Montana,**  by  Prof.  A.  Atkinson 
and  Prof-  D.  B.  Swingle,  gives  some  essential  facts  as  to  flax 
growing  and  the  crop  management,  and  the  treatment  of  seed 
necessary  to  avoid  the  flax  wilt  disease.     Eight  pages. 

Circular  7,  "Preliminary  Report  on  the  Analyses  of  Montana 
Waters,"  by  Prof.  W.  M.  Cobleigh  and  others,  calls  attention  to  the 
problems  to  be  considered  in  determining  the  quality  of  the  water 
supply,  indicates  the  impurities  that  are  sometimes  found,  and 
illustrates  a  cheap  still  for  removing  alkali  from  water.  Seventeen 
pages. 

Circular  8,  "Action  of  Alkali  on  Hydraulic  Cements,"  by  Prof. 
Edmund  Burke,  presents  some  practical  deductions  from  Bulletin 
\o.  81.     Fifteen   pa;3res. 
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DONATIONS   AND    LOANS 

12  LuUa-By  brooders.  Park  &  Pollard  Co.,  Boston,  Mass. 
I  Buckeye  incubator,  150-egg  capacity,  Buckeye  Incubator  Co., 
Springfield,  Ohio. 

Feed  hoppers,  Poultry  Dry  Feed  Hopper  Co.,  Boston,  Mass. 
Spray  nozzles  and  attachments,  Deming  Co.,  Salem,  Ohio. 
Garden  seed,  W.  Atlee  Burpee  &  Co.,  Philadelphia,  Pa. 
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Colo. 
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Colo. 

Hamilton  Orchard  Heater  Co.,    Grand    Junc- 
tion,  Colo. 

Round  Crest  Fruit  Co.,  Canyon  City,  Colo. 

Richardson     Frost     Prevention  Co.,     Kansas 

City,  Mo. 

Colorado   Commercial   &   Fruit  Assn.,   Grand 

Junction,  Colo. 
Apple  box  lid  press,  H.  Pratt  &  Sons,  Como,  Mont. 
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Sixteenth  Annual  Report. 
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LETTER  OF  TRANSMITTAL  . 

Bozeman,  Montana,  January  31,  191 2. 

To- His  Excellency,  Edwin  L.  Norris, 

Governor  of  Montana. 
Dear  Sir: 

In  accordance  with  the  Congressional  Acts  of  March  2,  1887, 
and  March  16,  1906,  I  have  the  honor  to  transmit  herewith  the 
Eighteenth  Annual  Report  of  the  Montana  Experiment  Station.  The 
financial  statement  is  for  the  year  ending  June  30,  191 1;  the  results 
of  investigations  of  the  several  departments  are  reported  to  the  end 
of  the  state  year,  November  30,  191 1. 

Very  respectfully, 

F.  B.  LINFIELD,  Director. 
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REPORT  OF  TREASURER. 

The  Experiment  Station  of  the  Agricultural  College  of  the 
State  of  Montana  in  account  with  the  United  States  appropriation, 
1910-1911. 

Dr. 

Hatch  Adams 

Fund  Fund 
To  receipts  from  the  Treasurer  of  the  United 
States  as  per  appropriation  for  fiscal  year 
ended  June  30,  191 1,  under  Acts  of  Con- 
gress   approved    March     2,     1887,   (Hatch 

Fund),  and  March  16,  1906,  (Adams  Fund).  $15,000.00  $15,000.00 

Cr. 

By  Salaries    $  8,594.16  $  9,942.50 

Labor 2,938.24  1,141.38 

Publications   1,059.82 

Postage  and  stationery 557-79  80.09 

Freight  and  express 138.26  225.84 

Heat,  light,  water  and  power 387.83  7.00 

Chemical  supplies 91.90  907-25 

Seeds,  plants  and  sundry  supplies 402.11  197.02 

Fertilizers  

Feeding  stuffs  99-28  410.92 

Library    203.60  120.64 

Tools,  implements  and  machinery 127.75  481.48 

Furniture  and  fixtures 78.75  162.81 

Scientific  apparatus   37-46  46.44 

Live  stock   29.00  1 15-45 

Traveling  expenses 228.30  1,027.33 

Contingent  expenses   25.75 

Buildings  and  land 133-85 

Total ; $15,000.00  $15,000.00 

We,  the  undersigned,  duly  appointed  auditors  of  the  corpora- 
tion, do  hereby  certify  that  we  have  examined  the  books  and  ac- 
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cor.ius  of  the   Experiment  Station  of  the  Agricultural   Colleg^e    of 
ine   State  of  Montana,  for  the  fiscal   year  ending  June  30,    191 1; 
thai   we  have  found  the  same  well  kept  and   classified  as  above, 
and  that  the  receipts  for  the  year  from  the  treasurer  of  the  United 
States  are  shown  to  have  been  $15,000.00  under  the  act  of    Con- 
gress of  March  2,   i88;[,  and  $15,000.00  under  act  of  Congress   of 
March    16,    1906,   and   the   corresponding   disbursements   $15,000.00 
and  $15,000.00,   for  all  of  which  proper  vouchers  are  on   file    and 
have   been   by    us   examined    and    found    correct,   thus   leaving    no 
balance. 

And  we  further  certify  that  the  expenditures  have  been  solely 
for  the  purposes  set  forth  in  the  acts  of  Congress  approved  March 
2,  1887,  and  March  16,  1906,  and  in  accordance  with  the  terms  of 
said  acts. 

Respectfully, 
Signed:  '     J.  H.  BAKER. 

T.  F.  BLAIR. 

Auditors. 
Attest:      G.    R.    CALLAWAY,    Custodian. 
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EXPERIMENT   STATION    MISCELLANEOUS    FUND. 


Dr. 

To  receipts  from  other  sources  than   State 
<the    United    States    for    the    year 

ended  June  30,  1911 H4,353.99 

Cr. 

By    Salaries    ., $  5,255.00 

Labor    11,427.11 

Publications    375.10 

Postage    and    stationery 94.36 

Freight   and   express    109.43 

Heat,  light,  water  and  power 963.27 

Chemical    supplies    301.53 

Seeds,  plants  and  sundry  supplies     1,738.41 

Fertilizers    50.00 

Feeding  stuffs    854.80 

Library    

Tools,  implements  and  machinery     2,138.87 

Furniture  and  fixtures   194.18 

Scientific   apparatus    212.94 

Live  stock   1,634.17 

Traveling    expenses    1,462.52 

Contingent  expenses    209.45 

Buildings  and  land  17,338.85 


Individ- 

Farm 

uals 

products 

Total 

$9,432.66 

$6,858.19 

$60,644.84 

$     675.00 

$  5,930.00 

4,202.02 

3,097.79 

18,726.92 

316.36 

691.46 

459.44 

553.80 

289.80 

31.55 

430.78 

4.50 

99.53 

1,067.30 

667.16 

231.61 

1,200.30 

515.95 

458.60 

2,712.96 
50.00 

11.37 

431.43 

1,297.60 

423.90 

310.00 

2,872.77 

26.10 

220.28 
212.94 

350.00 

125.00 

2,109.17 

2,255.45 

67.78 

3,785.75 

29.81 

809.70 

1,048.96 

7.70 

393.30 

17,734.65 

Total     $44,353.99     $9,432.66    $6,858.19     $60,644.84 


Report  of  the  Director 

INTRODUCTION. 

The  State  has  continued  to  grow  and  develop  along  agricul- 
tural lines  during  the  past  year  and  the  Expeiiment  Station  work 
has  increased  correspondingly.  The  State  legislature  at  its  last 
meeting  recognized  the  increased  demands  upon  the  station  by 
substantial  increases  in  appropriations  for  its  work.  The  mainte- 
nance fund  of  the  station  was  increased  by  $7,500.00  or  to  $20,000.- 
00  for  1911-12  and  to  $22,500.00  for  1912-13.  The  support  for  the 
dry  farm  work  was  increased  to  $16,000.00  for  1911-12  and  $20,000.00 
for  IQT2-13.  For  improvements  and  buildings  at  the  home  station 
$14,000.00  was  given :  $10,000.00  of  this  for  greenhouses  for  the  use 
of  the  horticulture,  agronomy,  and  biology  departments,  and  $4,- 
000.00  for  farm  sheds  and  a  silo. 

Increased  appropriations  were  also  given  for  the  work  of  the 
substations.  For  the  dry  farm  substation  in  Fergus  County  $3,000.00 
per  year  was  given,  and  $4,500.00  for  buildings  and  improvements. 
For  the  horticultural  substation  in  Ravalli  County  $2,000.00  per 
year  was  given  for  maintenance,  and  a  total  of  $2,500.00  for  im- 
provements. The  total  increase  in  appropriations  over  those  of 
the  year  before  was  $16,250.00  for  1911-12  and  $22,750.00  for  1912- 
13  for  maintenance  funds,  and  an  increase  of  $3,000.00  for  improve- 
ments for  the  two  years. 

The  Northern  Pacific  railway,  which  had  given  $7,500.00  for 
the  dry  farm  work,  and  the  Chicago,  Milwaukee  and  Puget  Sound 
railway,  which  had  given  $4,000.00  for  the  same  work,  decided  that 
their  support  for  the  continuation  of  the  dry  farm  stations  was  no 
longer  necessary,  and  so  decreased  their  appropriations — the  North- 
em  Pacific  giving  $1,000.00  and  the  Chicago,  Milwaukee  and  Pu- 
get Sound  $400.00  for  the  year.  Practically,  therefore,  the  net  in- 
crease for  maintenance  for  this  year  over  the  previous  year  was 
but  $6,250.00. 


! 
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The  station  is  endeavoring  to  develop  the  scientific  character 
of  its  work,  and  finds  a  growing  demand  for  experienced  workers 
in  pure  science.  The  departments  of  agronomy,  animal  industry, 
horticulture,  etc.,  are  making  increased  demands  upon  the  biolo- 
gists and  chemists  of  the  station.  In  view  of  this  fact  an  additional 
chemist  was  provided,  and  more  of  the  time  of  the  bacteriologist 
and  botanist  was  given  to  the  station  work.  The  probabilities  are 
that  the  demands  in  this  direction  will  increase,  as  all  of  the  de- 
partments recognize  the  great  dependence  of  their  work  on  accu- 
rate data. 

However,  while  endeavoring  to  improve  the  scientific  charac- 
ter of  our  work  we  are  also  trying  to  bring  to  the  people  of  the 
State  a  large  fund  of  accurate  practical  information  on  many  agri- 
cultural problems.  This  we  are  furnishing  through  the  series  of 
circulars,  nine  of  which  were  published  during  the  year.  Our  plan 
is  to  add  to  the  list  as  fast  as  material  can  be  prepared.  The  cost 
of  printing  these  circulars  can  only  be  paid  from  State  funds  as 
they  are  not  directly  the  results  of  original  investigations,  but  of 
the  general  study  and  observation  of  Montana  farm  conditions. 
The  preparation  and  printing  of  these  circulars  could  be  taken  over 
by  the  extension  department  of  the  college  when  its  organization 
is  completed. 

IMPROVEMENTS. 

l)urin<[^  the  summer  and  fall  of  191 1  the  $10,000.00  appropriated 
by  the  legislature  for  greenhouses  was  expended  in  the  erection 
of  a  series  of  g-eenhouses  for  the  horticulture  and  agronomy  de- 
partments and  a  smaller  house  for  the  biology  department.  The 
large  jLi^recnhouse  has  two  main  ridges,  and  a  palm  house  which  is 
located  in  tlie  center  of  one  of  these  ridges.  The  houses  are  located 
on  the  south  end  (^f  the  agricultural  building.  (See  figure  1.)  To 
protect  the  glass  from  the  drip  of  this  building  an  entry  way  10 
by  56  feet  was  constructed  between  the  agricultural  building  and 
the  greenhouses.  This  has  a  cement  floor  and  a  reen forced  con- 
crete roof,  and  is  used  as  a  soil  and  potting  room.  Tlie  greenhouse 
IS  divided  into  five  distinct  rooms,  viz..  for  propagating,  for  vege- 
■•bles.  for  roses,   for  carnations,  and  the  palm  house.     The  latter 
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is  39  feet  square,  with  a  clear  open  space  of  i6  feet  to  the  lantern,  and 
is  made  with  steel  frame.  The  semi-iron  construction  is  used  else- 
^*fhere,  with  iron  sills  and  plates.  The  foundation,  walls  and  the 
wralks  are  of  cement  Ail  the  wood  is  cypress.  We  have  in  this 
building  a  very  substantial  structure,  and  a  very  valuable  addition 
to  the  equipment  of  the  station.  This  greenhouse  cost  about 
^,500.00. 

The   biology   greenhouse   is   one   ridge   22  by   50   feet,   and   of 
Tvooi!  construction  with  iron  pipe  posts.     The  foundation  walls  and 


HORTICULTURAL   GREENHOUSES. 


the  walks  are  of  cement.  This  building  is  located  south  of  the 
biology  building  and  adjoining  the  old  biology  greenhouse.  To 
protect  the  glass  from  the  drip  of  the  biology  building  a  shingle.) 
roof  six  feet  wide  was  constructed  over  both  greenhouses.  This 
building  cost  about  $1,500.00.     (See  figure  2.) 

From  the  general  funds  of  the  station,  about  one  mile  of 
(ence  was  constructed  on  the  west  farm,  being  an  outside  fence 
on  the  north  and  east  of  the  quarter  section.  The  cost  of  this 
improvement  was  about  $350. 
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On  the  Fort  Ellis  farm  a  wagon  and  implement  shed  was 
constructed,  60  feet  long  and  25  feet  wide,  at  a  cost  of  about  $500.00. 
In  addition  considerable  repairing  was  done  to  the  fences. 

In  cooperation  with  the  college  a  local  exchange  telephone  has 
been  installed,  connecting  the  various  buildings  and  offices  on   the 


FIG  2.     BIOLOGY  GREENHOUSES. 


grounds  and  also  giving  exchange  service  to  the  city  of  Bozc- 
man  and  the  Fort  Ellis  farm.  The  system  has  been  a  very  great 
convenience  in  facilitatinjg  the  work  of  the  departments.  The 
station  invested  abont  $300.00  in  tHis  improvement. 

I'rom  the  appropriation  of  $4,500,00  made  for  improvement* 
at  the  Fergus  County  substation,  a  horse  barn  30  by  40  feet  and 
an  implement  shed  20  by  60  feet  were  erected.  In  addition  ver- 
andas were  built  on  the  front  and  rear  of  both  the  farm  house  and 
the  superintendent's  cottage.  All  the  buildings  were  repainted. 
This  practically  completes  the  buildings  needed  at  this  station  for 
Nome  years  to  come.     (See  figure  4.) 
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An  appropriation  of  $2,500.00  was  made  for  improvements  at 
the  horticultural  substation  in  the  Bitter  Root  Valley,  This  pro- 
vided a  horse  bam  and  implement  shed,  and  also  finished  two 
other  buildings  that  had  been  partly  completed.  This  substation 
is  now  well  equipped  with  buildings.     (See  figure  3.) 


FIG.   3.     BUILDINGS  AT   HORTICULTURAL   SUBSTATION, 
RAVALLI   COUNTT. 

SUBSTATIONS. 

A'e  have  at  the  present  time  nineteen  demonstration  dry  farms. 
These,  with  the  two  dry  farm  experiment  stations,  make  twenty- 
one  points  in  the  State  where  we  are  studying  local  dry  farm  con- 
ditions. Our  aim  has  been,  so  far  as  possible,  to  locate  these  dry 
farms  in  representative  districts  of  the  State  without  getting  too 
far  from  the  railroad.  We  believe  that  the  farms  at  present  in 
operation,  with  two  or  three  others  that  have  served  their  purpose 
and  been  discontinued,  will  in  a  few  years  give  us  a  very  complete 
understanding  of  the  dry  farm  sections  of  the  State.  These  dry 
farm  studies  are  being  caried  on  at  or  near  the  following  towns; 
Baker,  Wibaux,  Circle,  Terry,  Huntley,  Clyde  Park,  Twin  Bridges, 
Dillon,  Helena,  Drummond,  Ronan,  Eureka,  Great  Falls,  Conrad, 
Box  Elder,  Harlem,  Glasgow,  Froid,  Moccasin,  Harlowton,  and 
Roundup. 
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The  dry  farm  substation  in  Fergus  County  made  good  progress 
in  its  work  during  the  year.  The  results  of  three  seasons'  obser- 
vations are  on  hand  but  the  character  of  the  work  is  such  that 
the  observation  must  be  continued  for  the  next  two  years  or  longer 
before  the  results  can  be  published.  During  the  past  year  several 
hundred  select  lots  of  seed  were  grown  in  the  breeding  plots,  and 
we  hope  in  a  few  years  through  careful  records  and  rigorous  selec- 
tion to  have  some  improved  varieties  of  dry  farm  grain  to  offer 
our  farmers.  The  crop  rotation  tests  are  being  continued  and  verr 
satisfactory  results  were  had  during  the  past  season. 


FIO.  4.  BUILDINGS  AT  DRY-FARMING  SUBSTATION,  FERGUS  COUNTY. 


The  annual  farmers'  picnic  at  this  substation  is  growing  ia 
interest.  It  is  an  event  that  draws  together  2,500  to  3,000  people 
from  all  parts  of  the  Judith  Basin.  The  past  summer  this  meet- 
ing was  held  on  July  25th.  The  Great  Northern  railway  gave  an 
excursion  rate  from  Great  Falls  and  from  Billings  and  changed 
the  time  of  the  local  train  for  the  day  to  accommodate  the  people 
who  desired  to  visit  and  inspect  the  work  of  the  station.  The 
new  buildings  greatly  improved  the  facilities  for  the  accommoda- 
tion of  the  people. 
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The  horticultural  substation  in  Ravalli  County  made  satisfac- 
tory progress  in  the  studies  on  hand.  The  young  trees  are  healthy 
and  made  good  growth,  and  the  effects  of  different  methods  of  cul- 
tivation and  handling  are  becoming  apparent.  The  coming  season 
will  see  the  completion  of  the  planting  contemplated  at  this  place. 

COOPERATIVE  WORK 

The  work  of  the  Expcrim^ rt  Station  has  been  mate-ially  ad- 
vanced by  funds  contributed  by  and  cooperative  arangemenfts 
made  with  the  U.  S.  Government  and  others.  The  Bureau  of  Plant 
Industry  of  the  U.  S.  Department  of  Agriculture,  through  its  dry 
farm  and  grain  investigation  offices,  is  cooperating  with  us  at  the 
Fergus  County  substation  and  the  Huntley  substation.  At  the 
home  station,  Bozeman,  the  Irrigation  Division  of  the  Office  of 
Experiment  Stations,  U.  S.  Department  of  Agriculture,  is  aiding^  ut> 
in  moisture  and  irrigation  studies. 

During  the  year,  owing  to  complaints  of  duplication,  the  U.  S. 
Bureau  of  Entomology,  which  had  been  spending  $4,000.00  or  over 
in  studies  on  the  spotted  fever  tick  in  the  Bitter  Root  Valley, 
largely  withdrew  from  the  work  at  the  end  of  last  September, 
A  very  large  amount  of  valuable  data  about  the  life  history  of  this 
tick  have  been  gathered,  and  wc  were  in  a  fair  way  toward  finding 
a  satisfactory  method  of  controlling  it  had  it  been  possible  to  con- 
tinue the  work  for  another  season  or  two.  A  complete  and  full 
life  history  of  the  insect  can,  we  believe,  be  worked  out  only  by  an 
experienced  entomologist.  Some  few  observations  will  be  con- 
tinued, but  the  completion  of  the  work  must  wait  on  a  settlement 
oi  the  difficulties  complained  of  and  the  provision  of  the  funds 
necessary. 

THE  STATION   STAFF. 

No  important  changes  were  made  in  the  station  staff  during 
the  past  year.  Two  more  assistants  were  added:  Mr.  M.  L.  \Vil- 
son,  a  graduate  of  the  Iowa  Agricultural  College,  as  assistant  in 
the  dry  land  work;  and  Mr.  D.  C.  Cochrane  of  the  Pennsylvania 
Stat<»  College  as  assistant  chemist.  Two  months  after  his  engage- 
ment Mr.  Cochrane  was  persuaded  to  return  to  Pennsylvania  by 
increased  pay  and  improved  opportunities  for  advancement.     After 
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considerable  search  we  found  another  man  for  the  position — Mr. 
G.  E.  Smith,  a  graduate  of  Toronto  University,  now  assistant  chem- 
ist at  the  Ontario  Agriculture  College.  He  starts  work  with  us  on 
April  15,  1912. 

Mr.  Wm.  F.  Schoppe,  who  has  been  in  charge  of  the  poultry 
for  the  past  three  years,  was  granted  leave  of  absence  to  take  post- 
graduate work  at  the  University  of  Maine.  He  left  about  the  mid- 
dle of  September. 

AGRICULTURAL  EXTENSION. 

With  the  increased  funds  available  for  farmers'  institute  work 
it  has  been  possible  to  engage  experienced  outside  help,  and  tL  s 
fewer  calls  have  been  made  on  the  members  of  the  station  statt, 
though  from  one  to  four  weeks  have  been  given  to  this  work  bj 
nearly  all  of  them. 

The  last  legisalture  appropriated  $10,000.00  per  year  for  the 
farmers'  institutes,  an  increase  of  $2,000.00  per  year.  This  has 
permitted  increasing  the  number  of  meetings  and  getting  out  into 
new  territory.  The  attendance  and  interest  continues  to  grow 
rapidly.  In  the  latter  part  of  March  and  the  beginning  of  April, 
1911,  a  special  train  was  run  over  the  Northern  Pacific  railwa)*-  line 
in  the  State.  The  train  consisted  of  ten  cars,  eight  for  agricultural 
exhibits  and  lectures,  and  two  living  cars.  Some  fourteen  of  the 
college  teachers  and  experiment  station  staff  accompanied  the  train 
over  a  period  of  two  weeks.  The  interest  in  the  demonstration 
work  of  the  train  was  all  that  could  be  desired,  as  between  25,«doo 
and  30,000  people  visited  it  at  the  various  stops  made. 

The  lectures  at  the  high  schools  of  the  State  have  been  con- 
tinued and  a  beginning  made  in  an  attempt  to  interest  the  county 
public  teachers  in  agricultural  instruction. 

CORRESPONDENCE. 

Nearly  12,000  letters  were  received  by  the  various  departmcota 
of  the  Experiment  Station  during  the  past  year.  About  4,000  of 
these  were  answered  by  sending  a  bulletin  or  circular  which  would 
give  the  information  desired  .  The  various  departments  sent  out 
letters  as  follows:     Director's  office,  1,825;  agronomy,  3,070;  ani- 
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mal  industry,  710;  biology,  1,198;  chemistry,  425;  horticulture,  590,* 
poultry,  507. 

WORK  OF  THE  YEAR. 

Biology  Department:  This  department  has  devoted  most  of 
its  time  to  Adams  projects.  During  the  year  much  study  was  given 
to  the  sugar  beet  louse,  which  appears  to  be  the  worst  insect  pest 
of  the  beet  in  this  State.  Observations  were  made  on  other  sugar 
beet  insects,  but  conditions  were  not  favorable  for  extended  study. 

Conclusive  results  have  been  obtained  from  the  work  with  the 
oyster  shell  scale.  Two  publications  dealing  with  these  results 
will  be  prepared  during  the  coming  year. 

The  study  of  the  wood  tick  in  the  Bitter  Root  Valley  was 
continued  during  the  most  of  the  past  year  in  cooperation  with  the 
U.  S.  Bureaus  of  Entomology  and  of  Biological  Survey.  The  gen- 
erous support  given  by  these  bureaus  enabled  the  department  to 
get  a  large  amount  of  information  about  the  life  history  of  this 
insect,  and  yet  continual  surprises  are  coming  up  .  Plans  were  laid 
for  a  thorough  and  exhaustive  study  of  the  life  history  and  methods 
of  control  of  this  tick — believed  to  be  so  closely  related  to  the  trans- 
mission of  Rocky  Mountain  spotted  fever.  The  plans  involved, 
first,  the  possibility  and  the  methods  necessary  for  clearing  the 
ticks  from  an  isolated  tract  of  about  two  sections  of  land.  Second, 
longevity  tests,  as  it  has  been  found  that  the  ticks  live  much  longer 
between  the  feeding  periods  than  was  at  one  time  suspected. 
Third,  dipping  tests  with  live  stock  to  find  the  best  dipping  solu- 
tion; how  often  to  dip,  how  long  each  season  and  the  number  of 
seasons  to  continue  the  dipping,  and  various  other  problems  grow- 
ing out  of  this  work. 

Unfortunately,  because  of  complaints  of  duplication  of  work 
from  other  state  departments,  the  U.  S.  Bureau  of  Entomology 
withdrew  from  the  work  in  September  last,  and  the  station  is  with- 
out sufficient  funds  to  continue  the  work  as  planned  at  this  time. 

One  bulletin  on  this  work  has  been  published  during  the  year, 
and  two  others  are  planned  for  the  coming  season. 

In  addition  to  the  above,  miscellaneous  observations  have  been 
made  on  other  insects  and  remedies  for  the  same.    A  more  detailed 
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Statement  of  this  work  is  given  in  bulletin  No.  88,  the  report  of 
the  State  Entomologist. 

The  botanist  and  bacteriologist  has  given  most  of  the  year  to 
two  Adams  problems,  viz;  tie  effect  of  arsenic  on  vegetation,  and 
bark  and  wood  diseases  of  the  apple,  while  a  beginning  has  been 
made  on  a  soil-bacteriological  problem  in  cooperation  with  the  agro- 
nomy and  chemistry  departments.  Substantial  progress  has  been 
made  in  all  the  work  in  hand,  but  no  conclusions  are  yet  available 
for  publication. 

In  addition  to  the  above,  the  department  has  made  preliminary 
investigations  on  several  plant  diseases — some  of  them  new  to  the 
State. 

Agronomy  Department:  The  work  of  the  agronomy  depart- 
ment has  grown  much  during  the  year,  more  especially  the  work 
over  the  State.  For  the  past  few  years  the  dry  farm  studies  have 
demanded  most  of  the  time  of  the  department,  owing  to  the  g^reat 
need  of  the  many  people  settling  on  the  bench  lands  of  the  State. 

On  the  colicjii^e  farm,  under  irrigation,  grain  variety  testing  is 
being  continued;  also  rotation  tests,  forage  crop  tests,  and  irriofa- 
tion  tests.  In  addition,  duty  of  water  studies  are  being  carried  on 
for  the  Irrigation  Division  of  the  U.  S.  Department  of  Agriculture. 

On  the  Fort  Ellis  farm  the  soil  moisture  and  soil  nitrate  studies 
are  being  conducted  on  virgin  soil  without  irrigation.  A  variety 
of  crops  is  being  grown  and  their  effect  on  the  nitrates  and  moisture 
of  the  soil  is  determined.  The  chemistry  and  biolog}''  department* 
are  cooperating  on  this  problem. 

The  agronomy  department  is  conducting  a  large  amount  of 
work  over  the  State.  It  has  immediate  charge  of  some  eighteen 
demonstration  dry  farms  located  in  various  sections  of  the  State  and 
two  men  are  employed  in  superintending  this  work.  At  the  Fergii? 
County  substation  an  extensive  series  of  tests  is  being  carried  or 
in  cooperation  with  the  Bureau  of  Plant  Industry,  U.  S.  Depart- 
ment of  Agriculture,  in  the  study  of  dry  farm  crops  and  dry  fa  • 
methods.  We  are  also  getting  a  report  of  the  results  obtained  at 
the  U.  S.  Government  Station,  located  near  Osborn  in  the  Yel- 
lowstone Valley,  where  irrigated  as  well  as  dry  farm  'Tops  are 
being  grown. 

Seepage   studies   were   continued   on    the   college    farrti.   and    a 
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new  start  made  for  field  work  on  the  duty  of  water.  The  plots 
bave  been  leveled  and  the  pipes  laid  so  that  water  may  be  run  to 
each  plot  without  loss,  the  endeavor  being  to  get  an  even  distribu- 
tion of  water  over  the  plot  and  to  control  absoluteh'^  the  amount 
of  water  applied. 

Animal  Industry  Department:  The  work  of  the  animal  in- 
dustry department  has  broadened  during  the  year,  and  plans  have 
been  laid  for  cooperation  with  the  chemistry  department  for  care- 
ful studies  of  clover  and  clover  silage  as  fodder  crops.  Unfortu- 
nately the  difficulty  of  securing  chemical  help  has  delayed  these 
studies,  but  this  problem  has  been  solved  for  the  time  being  and 
the  work  will  proceed. 

The  department  has  now  an  excellent  equipment  in  buildings 
and  live  stock.  Feeding  experiments  with  sheep,  hogs,  steers,  and 
cows  are  being  carried  on.  No  bulletins  have  been  published  on 
the  work,  but  during  the  year  two  circulars  have  been  prepared 
and  published,  one  on  dairying  and  the  other  on  hog  management. 

Good  progress  has  been  made  in  the  wool  investigation. 

Chemistry  Department:  As  in  previous  years  the  chemistry 
department  has  given  most  of  its  time  to  gathering  data  on  prob- 
lems taken  up  in  cooperation  with  the  other  departments.  In  the 
soil  nitrate  studies  they  have  been  lending  their  aid  to  both  the 
agronomy  and  biology  sides  of  the  problem. 

Some  valuable  data  have  been  gathered  in  the  studies  on  in- 
cubation of  eggs. 

The  meteorological  observations  have  been  continued  during 
vhe  year,  and  a  large  amount  of  work  has  been  done  on  compiling 
data  on  the  climate  of  the  State  from  all  the  meteorological  records 
available. 

Horticultural  Department:  No  new  work  has  been  under- 
taken during  the  year  by  the  horticultural  department.  The  tests 
of  tree  fruits,  bush  fruits,  and  vegetables  have  been  continued, 
but  more  stress  is  being  put  on  the  effect  of  methods  of  cultiva- 
cion  and  management. 

Some  interesting  observations  on  the  winter-killing  of  fruit 
buds  will  be  ;>ut  in  form  for  publication  this  spring. 

The  horticultural  substation  in  Ravalli  County  is  in  the  chargi 
of  this  departmot,  and  considerable  time  has  been  given  to  tbe 
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work  at  this  place,  and  to  making  accurate  notes  on  the  growth  of 
the  orchard  under  different  methods  of  soil  management. 

Veterinary  Department:  We  have  a  small  but  well  equipped 
veterinary  laboratory.  The  materials  required  for  the  veterinary 
studies,  however,  are  rather  expensive  and  our  funds  have  not  been 
sufficient  to  push  this  work.  Some  study  has  been  given  to  a 
few  local  outbreaks  of  hog  cholera  in  various  parts  of  the  State^ 
and  the  serum  treatment  has  been  used  with  success  in  /^becking 
the  spread  of  this  disease. 

A  manuscript  has  been  prepared  on  some  observations  on  coh- 
tagious  abortion  in  cattle,  «nd  some  valuable  observations  made  on 
the  causes  and  transmission  of  infectious  anaemia  in  horses. 

Poultry  Section:  The  work  of  the  poultry  plant  was  in  ex- 
cellent condition  and  some  new  and  valuable  lines  of  study  >vere 
contemplated,  when,  about  the  middle  of  the  year,  an  attractive 
offer  was  made  to  the  poultryman  to  study  for  an  advanced  deg^rec 
while  working  as  an  assistant  in  an  eastern  institution,  and  so 
he  was  granted  leave  of  absence  for  a  year.  This  compelled  post- 
ponement of  the  new  work  for  the  present.  A  publication  giving 
the  results  of  our  experience  with  the  poultry  plant  for  some  years 
past  will  be  issued  in  the  near  future. 

MAILING  LIST. 

The  names  on  the  bulletin  mailing  list  have  increased  faster 
the  past  year  than  at  any  previous  period,  there  being  now  nearly 
10,000  names.  About  6,000  of  these  are  from  Montana,  2,500  from 
the  colleges  and  experiment  stations  of  other  states,  1,200  from 
farmers  and  others  in  the  varioufe  states,  and  about  200  from 
foreign  countries.  In  addition  to  bulletins  mailed  to  those  on  th« 
regular  list  several  thousand  were   sent  on  special  request. 

PUBLICATIONS   OF   THE   YEAR. 

For  the  past  few  years  the  Experiment  Station  has  been  giv- 
ing especial  emphasis  to  dry  farm  methods  and  crops.  The  State 
has  an  enormous  area  that  can  only  be  used  for  farming  purposes 
by  dry  farm  methods  and  a  very  large  number  of  people  have 
been  and  are  coming  to  the  State  who  have  taken  up  homesteads 
on  the  biKnch  lands  and  desire  complete  and  accurate  informatioci 
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on  how  to  handle  these  soils  and  what  crops  and  crop  manage- 
ment  are  necessary  to  get  success  on  such  lands.  We  have  been 
trying  to  answer  this  need.  With  the  increase  in  agricultural  pop- 
ulation there  has  also  come  a  demand  for  information  on  ^many 
practical  farm  questions.  To  answer  these  inquiries  we  started 
two  years  or  more  ago  a  series  of  circulars.  In  these  we  aim  to 
give  practical  information,  based  on  observation  and  experience, 
on  the  best  methods  of  agricultural  practice  in  this  State.  As 
these  circulars  are  not  the  results  of  definite  experiments  which 
are  reported  in  our  bulletins,  their  distribution  is  limited  to  Mon- 
tana, to  the  libraries  of  the  colleges  and  experiment  stations,  and 
to  the  newspapers  on  our  lists. 

For  the  year,  four  bulletins,  nine  circulars,  and  the  eighteenth 
annual  report  have  been  published.  The  bulletins  and  the  annual 
report  contain  138  pages;  the  circulars  153  pages. 

Bulletin  No.  85,  "Tick  Control  in  Relation  to  Rocky  Mountain 
Spotted  Fever,"  by  Prof.  R.  A.  Cooley,  is  a  report  of  cooperative 
investigations  conducted  by  the  Bureau  of  Entomology,  of  the  U.  S. 
Department  of  Agriculture,  and  the  Montana  Experiment  Station. 
This  bulletin  gives  the  life  history  of  the  tick  as  far  as  known 
and  a  list  of  known  hosts  at  different  stages  of  development,  and 
calls  attention  to  the  probable  methods  of  controlling  or  erddf 
eating  the  tick  in  the  farming  districts.  Twenty-nine  pages,  ed"- 
tion  6,000. 

Bulletin  No.  86,  'The  Use  of  Soap  to  Retard  the  Settling  of 
Certain  Arsenicals,"  by  Mr.  J.  R.  Parker,  records  the  results  of 
several  experiments  in  adding  soap  to  standard  arsenical  sprays. 
Eleven  pages,  edition  6,000. 

Bulletin  No.  87.  "Dry  Farm  Moisture  Studies,"  by  Prof.  A. 
Atkinson,  gives  the  results  of  four  years'  work  on  the  dry  farm 
substation  near  Forsyth,  showing  the  result  of  methods  of  sci? 
cultivation  and  cropping  on  the  moisture  content  and  movemert 
of  water  in  the  first  five  feet  of  soil  on  a  dry  farm.  Tliirty-two 
pages,   15  charts,   edition   5,000. 

Bulletin  No.  88,  "Ninth  Annual  Report  of  the  State  Entomol- 
ogist."  This  bulletin  lists  the  large  number  of  insect  pests,  which 
have  been  observed  in  the  State  or  about  which  inquiry  has  been 
made  as  troubling  the  farm  crops  or  fruits  of  the  state. 
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Attention  is  also  called  to  the  prevalence  of  foul  brood  and 
the  necessity  for  legislative  control,  and  the  present  status  of  the 
spotted  fever  tick  investigation  is  presented.  The  report  closes 
with  a  copy  of  the  Montana  insecticide  laws  as  passed  by  the  last 
legislature.     Twenty-six  pages. 

"Eighteenth  Annual  Report"  is  the  Director's  summary  of  the 
work  of  the  year  and  contains  also  the  financial  statements,  a 
list  of  available  publications  and  brief  summary  of  the  year's  me- 
teorological  records. 

The  circulars  printed  are  numbered  from  9  to  17,  and  make 
up  the  larger  proportion  of  the  publications  of  the  year. 

Circular  9,  "Poultry  Houses,"  by  Asst.  Prof.  W.  F.  Schopp«, 
is  a  brief  discussion  of  the  location  and  arrangement  of  poultry 
houses,  with  three  drawings  showing  methods  of  construction. 
Fifteen  pages. 

Circular  10,  "Dairying  in  Montana,"  by  Prof.  R.  W.  Clark, 
deals  particularly  with  milk  production  on  the  farms  in  Montana. 
Twenty  pages. 

Circular  11,  "Navel-Ill  in  New  Born  Foals,"  by  Dr.  W.  J. 
Taylor,  calls  attention  to  the  danger  from  this  disease  and  the  care 
necessary  to  avoid  it.     Four  pages. 

Circular  12,  "A  Warning  Against  Fan  Weed,"  by  Prof.  A.  At- 
kinson  and  Prof.  D.  B.  Swingle,  points  out  the  danger  from  this 
very  bad  weed,  and  gives  a  drawing  from  which  any  person  should 
recognize  it.     Eleven   pages. 

Circular  13,  "Hog  Management  in  Montana,"  by  Prof.  R.  W. 
Clark  and  Mr.  H.  P.  Griffin.  In  this  circular  are  described  the 
methods  of  housing,  feeding,  and  managing  hogs  under  Montanm 
conditions.     Twenty-three   pages,  8   cuts   and   drawings. 

Circular  14,  "Planting  Trees  and  Shrubs  on  the  Dry  Farm/* 
by  Prof.  O.  B.  Whipple,  illustrates  by  drawing  and  descriptioM 
how  to  plant  trees  and  shrubs  around  the  home,  and  tells  how  to 
prepare  the  ground,  and  what  trees,  etc.,  to  plant.     Sixteen  pages. 

Circular  15,  "Flax  Growing  in  Montana,"  by  Prof.  F.  S.  Coolej 
and  Mr.  M.  L.  Wilson,  gives  very  fully  directions  on  the  prepara- 
tion of  the  soil,  and  seeding  and  harvesting  the  flax  crop.  Nine- 
teen pages. 

Circular  16,  "The  Pear-Leaf  Blister  Mite,"  by  Mr.  J.  R.  Parker, 
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calls  attention  to  the  serious  injury  done  to  fruit  trees  by  this  in- 
sect and  indicates  methods  of  control.     Four  pages. 

Circular  17,  "A  Spraying  Program  for  Montana  Orchards," 
by  Prof.  R.  A  Cooley  and  Prof.  Deane  B.  Swingle.  This  circular 
gives  directions  for  preparation  of  spray  mixtures  and  the  methods 
of  applying  the  same  to  fruit  trees  to  control  the  injury  caused 
by  the  more  common  insect  pests  and  plant  diseases  of  the  orchard 
in  Montana.  Appended  to  this  report  is  a  tabulation  of  the  dif- 
ferent spray  mixtures — what  to  use  them  fo/-  and  when  to  use 
them.  Separate  copies  of  this  tabulated  spray  program  may  be 
had  on  application.     Thirty-five  pages,  12  drawings  and  cuts. 

DONATIONS  AND  LOANS. 

The  following  donations  were  made  to  the  Experiment  Station : 
For  the  farm  department: 

One  barrel  sprayer  by  F.  B.  Connely  of  Billings,  Mont. 

One  two-way  disk  by  The  Union  Iron  Works,  Spokane,  Wash. 

One  Melrose  convertible  wagon  bed  by  American  Wagon  Co.,. 
Dixon,  111. 

One  adjustible  posthole  auger  by  the  Fern  Manufacturing  Co., 
Charlotte,  Mich. 
For   the   horticulture   department: 

Garden  seeds  by  W.  Atlce  Burpee,  Philadelphia,  Pa. 

Flower  seeds  by  State  Nursery  Co.,  Helena,  Mont. 

Garden  seeds  by  Bolgrain  &  Sons,  Baltimore,  Md. 

Pruning  shears  by  Detroit  Shear  Co.,  Detroit,  ^lich. 

Hand  Sprayer  by  Simplex  Mfg.  Co.,  Minneapolis.  Minn. 

Two  hand  sprayers  by  F.  E.  Myers  &  Bro.,  Ashland,  Ohio. 

PUBUrCATIONS    OF    THE    MONTANA    EXPERIMENT    STATION 

AVAILABLE   FOR   DISTRIBUTION. 
NO.  BULLETINS. 

I.     Organization — Announcements. 


32 
33 
35 
36 
38 


Eighth   Annual  Report. 
Sugar  Beets  in  Montana. 
Report  of  Feeding  Tests. 
Forage  Conditions  in   Montana. 
Food  Adulteration. 
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41.  Sugar  Beets. 

42.  The  Codling  Moth. 
Ninth  Annual  Report. 

44.  Apple  Growing  in  Montana. 

45.  Loco  and  Some  Other  Poisonous  Plants  in  Montana. 

46.  Two  Insect  Pests. 

47.  Sheep  Feeding. 

48.  Steer  Feeding. 

49.  Contagious  Abortion  in  Montana. 
Tenth  Annual  Report. 

52.  Sugar  Beets. 

53.  Creameries  and  Cheese  Factories. 

62.  Third  Annual  Report  of  State  Entomologist. 

70.  The  Douglas  Fir  Cone  Moth. 

71.  Fifth  Annual  Report  of  State  Entomologist 
73.  Pig  Feeding  Experiments. 

75.     Sixth  Annual  Report  of  State  Entomologist. 

Fifteenth  Annual  Report.  4 

yy.     Fruit  Tree  Planting  in  Montana. 
78.     Steer  Feeding  Experiments. 

Sixteenth  Annual  Report. 

80.  Ornamental  Trees  and  Shrubs  for  Montana. 

81.  Destruction  of  Hydraulic  Cements  by  the  Action  of  Alka- 

li Salts. 

83.  Dry  Farming  Investigations  in  Montana. 

84.  Grain  Investigations  with  Wheat,  Oats  and  Barley. 
Seventeenth  Annual  Report. 

85.  Tick  Control  in  Relation  to  Rocky  Mountain  Spotted  Fever. 

86.  Use  of  Soap  to  Retard  Settling  of  Certain  Arsenicals. 

87.  Dry  Farm  Moisture  Studies. 

88.  Ninth  Annual  Report  of  State  Entomologist. 
Eighteenth  Annual  Report. 

NO.  CIRCULARS 

2.  The  Pear  and  Apple  Blight  in  Montana. 

3.  Dry  Farming  Practice  in  Montana. 

4.  The  Army  Cutworm. 

5.  Alfalfa  Management  in  Montana. 
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6.  Flax  Growing  in  Montana. 

7.  Water  Analysis  in  Montana. 

8.  Action  of  Alkali  on  Hydraulic  Cements. 

9.  Poultry  Houses. 

10.  Dairying  in  Montana. 

11.  Navel-Ill  in  New-Born  Foals. 

12.  A  Warning  Against  Fan  Weed. 

13.  Hog  Management  in  Montana. 

14.  Planting  Trees  and  Shrubs  on  the  Dry  Farm. 

15.  Flax  Growing  in  Montana. 

16.  The  Pear-Leaf  Blister-Mite. 

17.  A  Spraying  Program  for  Montana  Orchards. 


lit 
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WEATHER  RECORD. 
SUMMARY  BY  MONTHS  FOR  THE  YEAR  1911. 

Edmund  Burke,  Meteorologist. 
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SUMMARY  FOR  THE  YEAR  1911. 

Highest  temperature   88,  July  6th. 

Lowest  temperature -24,  January  2nd. 

Greatest  range   1 12. 

Highest  monthly  mean    60.9,    Julv. 

Lowest  monthly  mean 17-4.  February. 

Highest  daily  mean 70.5,  July  6th. 

Lowest  daily  mean -i3-5.  December  2C)th. 

Greatest  total  precipitation  for  one  month 3-56,  May. 

Last  killing  frost June   ;;tb. 

First  killing  frost    .September   6th. 
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Alfalfa   weevil    88 
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with   soap    37 
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on    Cottonwood    \ 86 
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Director's  report   115 

Donations  and  loans   129 
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Dry  farm,  moisture  studies   49 

location  and  nature  of  soil  49 

fruit    for    92 

Elm  gall  louse  89 

Entomologist,  report  of  State 85 

Fan  weed,  description  44 

introduction  into  new  territory    47 

methods   of  fighting    49 

why  it  is  a  bad  weed  46 
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planning  the  S2 

protecting   81 

planning  and  planting  the  yard  89 

the  fruit  garden    92 
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cost  of  production   108 
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effect  on  land   108 
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harvest    X07 
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time  of  sowing   99 

varieties   of    103 

wilt ' 106 

yields    107 

Foals,  navel-ill  in 39 

Foul  brood  and  wax  moth  91 

Fruits  for  the  dry  farm  92 

Fungicides    141 

Fungous  diseases,  apple  scab  and  peach  leaf  curl 120 

Grasshoppers   87 

Green   aphis    89            123 

Oreen  fruit  worm    86            139 

Greenhouses   118 

Hog,  age  to  breed   71 

breeding   crate    '. 71 

breeding  herd    67 

care  of  animals  for  breeding  purposes  76 

cross-breeding    70 

feeding  and  management   73 

feeding  of  pigs  before  and  after  weaning 74 

fencing    65 

health    of 77 

houjBes    56 

central  system  of  housing   57 

colony  system  of  housing 62 

maintenance  of  stock   69 

management  in  Montana    55 

pens   and   pastures    6S 

selecting  the   sow 67 

selecting  the  boar   68 

time  of  breeding    70 

troughs    66 

Horticultural    department    125 

Hydrometer  and  its  use  145 

Improvements 116 

Insect  pests  of  1911   85 

Insects,  forest   95 

Insecticides    141 

law 98 

I^ead  arsenate   141 

with  soap 37 

X^ime-sulphur  solution   142 

I^ltter-carrler   60 

M:ailing  list  126 

Meteorological  report  132 

tfttes  on  strawberry   86 
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Bulletin  CircQlir 
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Moisture  content 

of  cultivated  and  uncultivated  fallow  when  cropped        66 

of  land  continuously  cropped  to  spring  wheal 58 

of  land  producing  intertilled  crops 69 

of  soil  on  enclosed  and  open  range 56 

of  summer  tilled  and  of  untilled  fallow 60 

increased  in  soils  after  cultivation  and  cropping 78 

in  terms  of  inches  of  precipitation 65 

Moisture  in  soil  not  all  available 52 

Moisture  studies,  dry  farm  49 

Navel-ill  in  foals,  symptoms  and  treatment  39 

Nutrients  24 

Oyster-shell  scale 129 

Paris  green 141 

Pastures  for  cows  21 

for  hogs   6S 

Pea  weevil 88 

Peach  leaf  curl   122 

Pear-leaf  blister-mlte  115,132 

Plowing  for  fallow,  spring  vs  fall  72 

Plum  gouger  88 

Potato  blister-beetle    88 

Poultry   section    126 

Poultry  buildings,  arrangement  of 2 

houses    3 

classes  of 7 

curtain-front    7 

details  of  10 

floors    6 

hillside    7 

open  front  5 

underground   7 

ventilation    4 

air  shafts  and  flues  S 

window    5 

yards,  drainage  2 

soil  for  1 

Precipitation  records    50 

Publications  of  the  year   126 

Ration  for  dairy  cows  22,  SO 

hogs    '  7j 

Rocky  Mountain  spotted  fever 6 

Rose  snout  beetle 88 

Scab,  apple  Ue 

Soap,  with  arsenicals,  use  of 37 

practical    test    41 


REPORT  OF  THE  DIRECIOR.  1S7 

Bulletin  Circular 
page         page 

Boap  in  spraying   48 

Sprays,  combination    14S 

dormant  and  summer  14S 

Spraying  at  the  right  time,  importance  of 148 

equipment  for   147 

program  for  Montana  orchards 152 

thoroughness  in  159 

Station  staff  121 

Substations  119 

Sugar  beet  root  louse  90 

Ticks,  distribution  23 

conditions  that  favor  their  multiplication  22 

fauna  of  the  Bitter  Root  Valley  20 

methods  of  investigation  19 

host  relationships   10,  21 

life-history    9 

seasonal  history   24 

two-year  life  cycle   26 

ricks  and  Rocky  Mountain  spotted  fever 5 

evidence  against  ticks  2% 

sources  of  infection,  other   16 

precaution  against  infection   18 

destruction  of  rodents  or  of  ticks   26 

freeing  domestic  animals  from  27 

public  sentiment  and  laws   28 

rick  investigations,  status  of  the  spotted  fever 92 

Tobacco   extracts    142 

Treasurer's  report Ill 

Trees  and  shrubs  on  the  dry  farm 79 

cultivation   8S 

method  of  planting   85 

prepaVation  of  the  land    83 

season  to  plant   85 
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LETTER    OF  TRANSMITTAL 

Bozeman,  Montana,  January  31,   1913. 

To  His  Excellency,  Samuel  V.  Stewart, 

Governor  of  Montana. 

Dear  Sir: 

In  accordance  with  the  Congressional  Acts  of  March  2,  1887, 
and  March  16,  1906,  I  have  the  honor  to  transmit  herewith  the 
Nineteenth  Annual  Report  of  the  Montana  Experiment  Station. 
The  financial  statement  is  for  the  year  ending  June  30,  1912;  the 
results  of  investigations  of  the  several  departments  are  reported 
to  the  end  of  the  state  year,  November  30,  1912. 

Very  respectfully, 

F.  B.  LINFIELD,  Director. 


REPORT    OF    THE    TREASURER 

The  Experiment  Station  of  the  Agricultural  College  of  the 
State  of  Montana  in  account  with  the  United  States  appropriations 
1910-1911. 

Dr. 

Hatch  Fund        Adams  Fund 

To  receipts  from  the  Treasurer  of  the 
United  States,  as  per  appropriations 
for  the  fiscal  year  ended  June  30, 
1912,  under  acts  of  Congress  approved 
March    2,    1887    (Hatch    Fund),   and 

March  16,  1906(Adams  Fund) $15,000.00  $15,000.00 

Cr. 

By    salaries $11,150.00  $10,840.00 

Labor    1,408.40  1,226.93 

Publications    606.36 

Postage  and  stationery 498.35  67.71 

Freight  and  express 127.93  96.63 

Heat,  light,  water,  and  power 78.88  11.15 

Chemical    supplies 16.50  506.32 
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Scientific    apparatus 19.09  341.34 

Live   stock 9.00  60.00 

Traveling  expenses 84.00  570.78 

Contingent   expenses 25.00  

Buildings   and    land 206.10  192.40 

Balance 

Total $15,000.00  $15,000.00 

We,  the  undersigned,  duly  appointed  auditors  of  the  corpora- 
tion,  do   hereby   certify   that   we   have    examined   the   books   and 
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accounts  of  the  Experiment  Station  of  the  Agricultural  College  of 
the  State  of  Montana,  for  the  fiscal  year  ending  June  30,  1912; 
that  we  have  found  the  same  well  kept  and  classified  as  above,  and 
that  the  receipts  for  the  year  from  the  treasurer  of  the  United  States 
are  shown  to  have  been  $15,000.00  under  the  act  of  Congress  of 
March  2,  1887,  and  $15,000.00  under  act  of  Congress  of  March 
16,  1906,  and  the  corresponding  disbursements  $15,000.00  and 
$15,000.00,  for  all  of  which  proper  vouchers  are  on  file  and  have 
been  by  us  examined  and  found  correct,  thus  leaving  no  balance. 
And  we  further  certify  that  the  expenditures  have  been  solely 
for  the  purposes  set  forth  in  the  acts  of  Congress  approved  March 
2,  1887,  and  March  16,  1906,  and  in  accordance  with  the  terms 
of  said  acts. 

Respectfully, 

Signed:  J.  H.  BAKER, 

J.  F.  BLAIR, 

Auditors. 
Attest:     G.  R.  CALLAWAY,  Custodian. 
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Report  of  the  Director 

During  the  past  season  Montana  has  had  probably  the  largest 
crop  in  the  history  of  the  State.  While  in  some  of  the  higher 
valleys  the  season  was  a  little  short  for  the  best  results,  yet  over 
most  of  the  bench  lands  that  have  within  the  past  few  years  been 
put  Under  the  plow  the  crops  were  excellent.  This  was  due  to 
favorable  weather  conditions  with  a  virgin  soil.  The  good  crops, 
however,  were  shared  by  most  of  the  farmers  of  the  United  States 
and  so  prices  for  grain  were  considerably  below  those  of  the 
previous  year.  This  condition  points  to  the  necessity  for  a  return 
to  the  live  stock  industry  on  which  the  State  prided  itself  for  so 
many  years. 

The  present  situation  calls  for  some  difference  in  the  class 
of  live  stock  kept,  as  the  poultry,  the  hog,  and  the  dairy  cow  will 
find  as  large  a  place  on  the  farm  as  the  beef  cattle  and  sheep 
found  upon  the  range.  In  the  past,  because  of  the  limited  pro- 
duction, Montana  farmers  frequentlv  got  eastern  prices  plus  the 
freight  for  their  h^y  and  grain,  but  with  the  recent  agricultural 
development  that  time  is  gone  never  to  return.  Plans,  therefore, 
should  be  made  at  once  to  diversify  the  farm  crops  and  produce 
more  of  live  stock   and   live  stock  products. 

The  Experiment  Station  has  been  looking  forward  to  this 
change  and  gathering  a  large  fund  of  information  on  methods  of 
feeding  and  the  care  of  all  classes  of  live  stock  under  Montana 
farm  conditions.  We  have  recently  issued  bulletins  and  circulars 
on  hog  feeding  and  management  and  on  dairying,  and  have  others 
in   preparation   on   poultry  management,   sheep   on   the   farm,   etc. 

IMPROVEMENTS 

The  $4,000.00  appropriated  by  the  State  for  sheds  and  a  silo 
became  available  during  the  year.  With  that  fund  one  building 
122  feet  long  with  12-foot  posts  was  erected.  One  end  of  this 
building  is  arranged  for  the  use  of  the  horticulture  department 
with  cellar,  work  and  tool  floor,  and  loft.     On  the  other  end  of 
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the  building  is  a  repair  shop  and  the  office  of  the  farm  foreman. 
Between  these  two  is  a  shed  66  feet  long  with  a  cement  floor 
for  the  accommodation  of  farm  machinery,  traction  engines,  etc. 

A  wagon  shed  64  feet  long  was  also  constructed  south  of  the 
sheep  barn. 

A  cement  silo  15  feet  inside  diameter  and  33  feet  high  was 
built  south  of  the  cattle  barn. 

SUBSTATIONS 

The  dry  farm  substation  in  the  Judith  Basin  was  crossed  by 
a  hail  storm  about  the  time  the  spring  crops  were  beginning  to 
head,  which  destroyed  practically  all  the  spring  grain  and  seriously 
injured  the  fall  wheat.  The  results  this  year,  therefore,  were 
quite  unsatisfactory.  During  the  year  the  remainder  of  the  section, 
about  450  acres,  was  leased  from  the  State.  About  200  acres  of 
the  land  had  been  broken,  and  50  acres  of  this  has  been  put  into 
additional  experimental  crops.  A  bulletin  is  in  preparation  giving 
the  results  so  far  attained  at  this  station  and  an  outline  of  the 
work  we  have  in  hand.  The  cooperative  arrangement  with  the 
U.  S.  Department  of  Agriculture  is  being  continued. 

The  annual  picnic  at  this  station  brought  together  nearly 
4,000  people  from  all  parts  of  the  valley  and  from  surrounding 
country.    This  was  a  larger  attendance  than  for  any  previous  year. 

The  Huntley  substation  was  started  and  is  carried  on  by  the 
U.  S.  Department  of  Agriculture.  It  comprises  about  160  acres 
of  land  partly  below  and  partly  above  the  irrigation  canal.  The 
whole  time  of  the  station  is  given  to  crop  studies  on  irrigated  and 
dry  land.  The  Montana  Experiment  Station  contributed  $720.00 
last  year  for  the  support  of  this  station  and  received  a  full  report 
of  the  data  gathered.  This  work  has  not  yet  progressed  far  enough 
to  report  results. 

There  is  nothing  new  to  report  from  the  horticultural  sub- 
station in  the  Bitter  Root  Valley.  The  trees  are  growing  well  and 
many  of  them  coming  into  bearing.     The  tract  is  now  practically 

all  planted. 

COOPERATIVE    PLANS 

The  Experiment  Station  has  cooperated  during  the  year  with 
the  U.   S.   Department  of  Agriculture,   Bureau  of  Plant   Industry. 
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through  the  dry  farm  and  grain  investigation  offices;  also  with  the 
Irrigation  Division  and  the  Bureau  of  Entomology.  This  coopera- 
tion has  given  funds  and  expert  workers  to  the  State,  that  have 
materially  increased  the  experimental  studies  we  were  able  to 
make. 

The  Flax  Development  Committee  of  the  Linseed  Oil  Con- 
sumers also  contributed  $2,000.00  to  studies  and  instruction  on  flax 
growing  in  the  newer  agricultural  districts  of  the  State. 

AOBICULTUBAL    EXTENSION 

The  Experiment  Station  work  connects  very  closely  with  the 
work  of  the  farmer  in  many  directions.  As  a  result  we  have  a  veiy 
lively  interest  in  the  agricultural  extension  work.  The  director 
is  a  member  of  the  Farmers*  Institute  Board  and  several  of  the 
Station  staff  have  given  lectures  at  farmers'  meetings  in  various 
parts  of  the  State.  The  calls,  however,  have  not  been  burdensome 
as  most  of  the  institute  work  has  been  done  by  men  engaged 
especially  for  the  field  work. 

COBBESPONDENCE 

The  station  continues  to  carry  on  a  large  correspondence  in 
answer  to  requests  for  information.  During  the  year  between 
12,000  and  13,000  letters  were  received  and  answered.  About  4,000 
of  these  letters  were  answered  by  sending  a  bulletin  or  circular. 

Nineteen  demonstration  farms  have  been  cared  for  during 
the  year.  Many  of  these  have  served  a  very  useful  purpose  in 
the  communitv  where  located,  but  we  believe  that  most  of  them 
have  now  served  their  purpose.  During  the  coming  two  years  it 
is  planned  to  substitute  the  farm  demonstrator  for  the  demon- 
stration farm,  after  which  time  we  hope  the  work  will  be  taken 
over  by  the  extension   department   of  the  college. 

As  soon  as  the  State  can  afford  it,  however,  I  believe  it  would 
be  advisable  to  establish  two  or  three  more  permanent  field  crop 
stations.  Montana  covers  a  very  large  area  and  has  a  great  variety 
of  climatic  conditions.  The  stations  at  present  in  operation  cover 
the  central  and  southern  part  of  the  State,  but  stations  should  be 
started  in  other  sections  where  climatic,  soil  and  crop  conditions 
.are  considerablv  different  from  the  south  countrv.     I   would  like 


78  MONTANA    EXPERIMENT    STATION 

to  see  sub-experiment  stations  started  first  in  the  north  central 
part  of  the  State,  second  in  the  Flathead  district,  either  north  or 
south  of  Flathead  Lake,  and  a  third  in  the  eastern  part  of  the 
State  somewhere  along  the  line  of  one  of  the  new  railroads  going 
through  Dawson  county.  This  district  is  somewhat  beyond  the 
successful  fall  wheat  belt  and  thus  has  a  different  crop  problem 
from  the  country  farther  west.  With  these  three  additional  sub- 
stations, practically  all  the  climatic  districts  of  the  State  would 
be  covered.  The  work,  however,  should  be  confined  to  crop  studies 
only,  though  both  irrigated  and  dry-farm  crops  should  be  grown. 

WOBE    OF    THE    YEAB 

Biology. — The  biology  department  has  had  a  busy  year.  The 
entomological  division  has  continued  its  studies  on  the  oyster  shell 
scale,  but  has  still  further  work  to  do  to  clear  up  all  the  facts 
necessary  to   its   more  complete  control. 

The  studies  on  sugar  beet  insects  were  confined  largely  to 
the  sugar  beet  root  louse.  For  several  years  the  entomologist  has 
been  looking  for  the  sexual  forms  of  this  insect,  and  during  the 
past  season  the  efforts  in  this  direction  were  rewarded.  These 
sexual  forms  are  being  studied  and  will  be  reported  on  later.  Studies 
in  the  laboratory,  supplemented  by  observations  in  the  field,  indicate 
that  the  injury  by  the  louse  may  be  largely  controlled  by  the 
methods  of  irrigating;  the  louse  does  not  seem  to  thrive  in  moist 
soil. 

Miscellaneous  observations  have  been  made  on  a  new  currant 
pest,  on  a  new  thrips  of  the  gooseberry  and  currant,  and  a  new 
enemy  of  the  aphids. 

The  botanical  division  of  this  department  continued  its  studies 
on  the  bark  and  wood  diseases  of  orchard  trees,  particularly  the 
cankers,  collar  rot,  black  heart,  and  wood  rots.  Additional  facts 
as  to  the  development  of  these  diseases  were  obtained,  but  ivr 
control  methods  can  yet  be  recommended. 

The  most  extensive  work  of  this  division  during  the  year  w^as 
with  the  problem  on  the  effect  of  arsenical  compounds  upon  vege- 
tation. Work  was  carried  on  with  orchard  trees,  with  a  varietv 
of   grain   and   fodder   crops,   with   vegetables,   and   with   plants   in 
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the  greenhouse.  Valuable  information  has  been  gained  but  much 
additional  work  yet  remains  to  be  done. 

The  work  in  soil  bacteriology  has  been  given  largely  to  a 
test  of  methods.  As  a  result  probably  some  modifications  of  the 
problem   will   have   to   be   made. 

Some  general  observations  have  been  made  on  apple  scab  and 
on  crown  galls.  Two  diseases  new  to  the  State  have  been  found, 
viz,  the  sorghum   smut  and  the   pear  scab. 

Agronomy. — The  agronomy  department  has  a  large  number 
of  projects  on  hand  but  they  divide  into  three  main  groups:  first, 
the  Adams  projects  of  which  there  are  three;  next,  the  crop  exper- 
iments on  the  college  farm  and  at  Fort  Ellis;  and,  lastly,  the  soil 
and  crop  studies  carried  on  over  the  State.  Satisfactory  progress 
was  made  with  the  Adams  projects,  but  no  definite  results  can 
be  reported. 

The  results  from  the  field  crop  studies  were  not  very  satisfac- 
tory the  past  season  as  the  spring  was  very  late,  the  summer  cool 
and  the  fall  quite  wet.  Progress  was  made,  however,  in  some 
directions,  but  another  year's  work  is  necessary  to  get  definite 
results. 

The  agricultural  engineering  division  of  the  agronomy  depart- 
ment gave  the  most  of  its  attention  to  a  pumping  test,  using  various 
sizes  and  types  of  traction  engines,  different  kinds  of  fuel,  and 
different  pumps.  Tests  were  made  of  lifts  varying  from  10  feet 
to  50  feet. 

Animal  Husbandry. — The  work  in  the  animal  husbandry  depart- 
ment is  becoming  better  organized  year  by  year,  and  some  inter- 
esting and  valuable  bulletins  have  been  prepared  during  the  year. 
Others  will  be  ready  early  in  the  coming  year. 

As  the  result  of  the  studies  made  the  previous  year  in  coopera- 
tion with  the  professor  of  mathematics  of  the  college,  a  special 
apparatus  was  devised  for  the  testing  of  wool  fibers,  which  has 

given  very  satisfactory  results.  This  makes  possible  the  next  phase 
of  the  studies  with  wool. 

The  observations  on  the  growth  of  young  beef  cattle  raised 
on  the  farm  have  been  continued. 

The   results  of  this  year's  work   on   feeding  clover  silage   to 
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COWS  have  been  prepared  for  publication,  and  other  studies  on  the 
feeding  value  of  clover  started. 

A  large  number  of  tests  have  been  carried  on  w^ith  hogs  and 
the  results  of  some  of  these  will  be  reported  on  during  the  coming 
year.  One  bulletin  on  pig  feeding  and  a  circular  on  feeding  and 
management  of  hogs  were  prepared  by  the  department  and  pub- 
lished during  the  year. 

Chemistry. — As  in  past  years  the  chemical  department  has  given 
considerable  time  to  projects  taken  up  in  cooperation  with  other 
departments.  In  the  soil  nitrate  studies  over  8,000  determinations 
were  made. 

Studies  of  infertile  soils  were  taken  up  with  the  agronomy 
department.  To  people  who  inquired,  the  offer  was  made  to  analyze 
any  infertile  soils,  provided  the  samples  were  taken  according  to 
directions  and  other  information  provided.  This  has  given  facts 
about  certain  soils  which  will  be  followed  up  with  more  complete 
studies. 

A  study  of  clover  hay  and  clover  silage  has  been  taken  up  in 
cooperation  with  the  animal  industry  department,  and  progress  has 
been   made  on   this   project. 

The  studies  on  the  natural  and  artificial  incubation  of  eggs 
have  been  continued.  Special  attention  has  been  given  to  the 
temperature  of  incubation  and  the  composition  of  the  shell  of  the 
tgg  and  its  contents  at  various  stages  of  incubation. 

The  department  has  been  working  on  the  meteorological  data 
of  the  State  during  the  year  and  has  nearly  ready  for  publication 
a  comprehensive   study  of  Montana  climate.    . 

Horticulture. — The  horticultural  department  has  made  good 
progress  in  its  work  for  the  year.  At  the  home  station  observa- 
tions have  been  continued  on  a  large  variety  of  small  fruits  and 
notes  made  on   results  from  different  methods  of  handling  them. 

On  the  tree  fruits  no  new  work  was  done  but  plans  are  being 
made  for  the  removal  of  some  of  the  old  trees  and  the  planting 
of  new  stock. 

Further  studies  have  been  made  on  a  large  variety  of  trees 
and  shrubs  both  in  the  nursery  and  on  the  college  campus.  Some 
new  varieties  are  being  planted.     Interesting  and  valuable  observa- 
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tions  were  made  on  the  relation  of  leaves  on  the  fruit  spurs  of 
the  apple  to  the  size  and  maturing  of  the  fruit.  Observations  were 
also  made  on  serious  injury  resulting  to  young  trees  from  painting 
the  trunks  with  lard  and  sulphur.  While  this  preparation  protects 
the  trees  from  rabbits  it  seems  in  very  many  cases  to  kill  the  tree. 

An  extensive  series  of  tests  with  vegetables  is  being  carried 
on;  several  varieties  of  beans,  peas,  cabbages,  cauliflowers,  onions, 
celery,  and  tomatoes  are  being  tested.  Whenever  possible  seed 
grown  at  the  station  is  compared  with  seed  from  other  sources. 

The  department  is  just  starting  a  series  of  tests  with  potatoes 
including  the  testing  of  varieties  and  of  cultural  methods. 

Veterinary. — The  veterinary  department  has  supervision  over 
the  health  of  all  the  live  stock  on  the  farm  and  is  in  full  charge 
of  all   sick   animals. 

During  the  year  one  bulletin  has  been  prepared  as  a  result 
of  studies  on  the  prevention  of  contagious   abortion. 

No  progress  was  made  on  the  study  of  infectious  anemia  as 
but  few  animals  were  reported  as  affected. 

A  series  of  tests  was  made  with  whole  and  skim  milk  preserved 
with  varying  amounts  of  formaldehyde,  preliminary  to  taking  up 
the  feeding  of  formalin-treated  milk  to  calves. 

Poultry. — The  poultry  work  has  been  a  continuation  of  that 
of  previous  years, — a  study  of  methods  of  feeding,  housing  and 
caring  for  the  chick,  and  of  the  results  to  be  had  under  Montana 
conditions.  The  head  of  this  work  has  been  away  on  leave  of 
absence   for  a  whole  year. 

MAII^INa    LIST 

The  station  is  now  publishing  13,000  bulletins  in  its  regular 
edition,  and  the  names  on  the  regular  mailing  list  number  about 
11,000.     Of  these  about  7,000  are   citizens  of   Montana. 

In  addition  to  the  bulletins  sent  to  those  on  the  regular  mailing 
list  six  thousand  to  eight  thousand  bulletins  were  sent  out  on 
special   request. 

PUBLICATIONS    OF    THE    YEAB 

Since  the  last  report  four  bulletins,  eight  circulars,  and  the 
nineteenth  annual  report  have  been  published.  The  bulletins  con- 
tain 65  pages  and  the  circulars   199  pages. 
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Bulletin  No.  89,  "Experiments  with  Pigs,"  by  Prof.  R.  W. 
Clark,  is  a  report  on  feeding  pigs  on  various  grains  and  combina- 
tions of  grains  and  other  food  stuffs.     Sixteen  pages. 

Bulletin  No.  90,  "The  Internal  Use  of  Carbolic  Acid  for  the 
Prevention  of  Contagious  Abortion  in  Cattle,"  by  Dr.  W.  J.  Taylor, 
reports  the  results  of  the  use  of  carbolic  acid  with  a  number  of 
herds.     Sixteen  pages,  6  illustrations. 

Bulletin  No.  91,  "Winter  Injury  to  Fruit  Buds  of  the  Apple 
and  the  Pear,"  by  Prof.  O.  B.  Whipple,  reports  the  results  of 
observations  made  during  the  winter  of  1910-11  on  the  winter- 
killing of  the  embryo  fruit  buds  without,  however,  killing  the 
leaves  in  the  bud.  In  some  cases  the  sexual  organs  of  the  embryo 
flower  were  killed,  yet  the  fruit  developed,  though  abnormal  in 
shape.     Thirteen  pages,  5  plates. 

Bulletin  No.  92,  "Tenth  Annual  Report  of  the  State  Entomolo- 
gist," by  Prof.  R.  A.  Cooley,  is  a  report  on  the  important  trouble- 
some pests  of  the  year  together  with  recommendations  as  to  the 
needs   of  the  work.     Twenty  pages,   one  plate. 

Circulars. — The  circulars  are  popular  publications  intended  to 
give  practical  information  on  a  variety  of  topics  of  interest  to  the 
farmers  in  various  parts  of  the  State. 

Circular  18,  "Chick  Feeding,"  by  W.  F.  Schoppe,  outlines 
several  rations  for  small  chicks.     Six  pages. 

Circular  19,  "Suggestions  to  the  Dry  Farmer,"  by  Prof.  F.  S. 
Cooley,  is  a  brief  but  comprehensive  statement  of  the  problem 
and  practice  of  dry  farming.     Fifty-two  pages. 

Circular  20,  "The  Control  of  Prairie  Dogs  and  Ground  Squir- 
rels," by  M.  Herrick  Spaulding,  explains  how  to  destroy  them 
by  poisoning  or  fumigation.     Eighteen  pages. 

Circular  21,  "The   Roller  or  Packer,"  by  H.   B.   Bonebright, 

describes  a  home  made  roller  and  packer  suitable  for  packing  new 

ground.     Six  pages,  6  illustrations. 

Circular  22,  "Cropping  to  Flax  on  New  Lands  of  Semi-Arid 

Land  Areas,"  by  M.  L.  Wilson  and  H.  L.  BoUey,  describes  the 

method  of  treating  the  seed  and  preparing  the  seed  bed  for  the 

flax  crop.     Thirty-one   pages,  26  illustrations. 
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Circular  23,  "Creamery  Organization  and  Management,"  by  R. 
C.  Jones.     Eight  pages. 

Circular  24,  "Measurement  of  Water,"  by  R.  D.  Kneale.  This 
is  a  revision  of  Bulletins  No.  34,  "Farmers'  Weirs,"  and  No.  72, 
"Measurement  of  Water."  It  is  not  intended  for  general  distribu- 
tion but  to  supply  the  requests  for  information  on  methods  of 
measuring  irrigation  water.     Fifty-eight  pages,   19  illustrations. 

Circular  25,  "Cabbages  and  Cauliflowers  in  Montana,"  by  L. 
G.  Schermerhorn,  is  a  brief  description  of  how  to  grow  these  veg- 
etables.    Twelve  pages,   6  illustrations. 

Circular  26,  "Celery  Culture  in  Montana,"  by  Prof.  O.  B. 
Whipple.     Eight  pages. 
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Ninth  Annual   Report. 
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14.  Planting  Trees  and  Shrubs  on  the  Dry  Farm. 
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DONATIONS    AND     LOANS 

1  14-inch  gang  plow  by  Independent  Harvester  Co.,  A.  J.  HoUoway, 

Agent,   Bozeman,  Montana. 
100  pounds  nitrate  of  soda,   Dr.   W.   S.   Myers  of  the  Nitrate   of 

Soda  Propaganda. 
Garden  seeds,  W.  Atlee  Burpee,   Philadelphia,   Pa. 
Garden  seeds,  Bolgians  &  Sons,  Baltimore,  Md. 
Plants,  Henry  Dreer,  Philadelphia,  Pa. 
Nursery  trees,  Missoula  Nursery  Co.,  Missoula,  Mont. 
Titan  tractor.  International  Harvester  Co.,  Helena — For  pumping 

experiment  and  college. 
Foston  smut  cleaner,  Foston  Mfg.  Co.,  St.  Paul,  Minn. — College 

and  farm, 
spring  tooth  harrow,  Bucher  &  Gibbs  Plow  Co.,  Canton,  Ohio — 

College  and   agronomy  department   of  station. 
75  h.  p.  Case  engine,  J.  I.  Case  Co.,  Billings — College  and  pump- 
ing experiment. 
Big  4   -30    (available   for   tests).    Gas   Traction    Co.,    Billings — 

College  and  pumping  experiment. 
Detroit  gas  engine,  Detroit  Engine  Works,  Detroit,  Mich. — Col- 
lege and  farm. 
Hoyland  wild  oat  separator,  Klauer  Mfg.   Co.,   Dubuque,   la. — 

College  and  farm. 
Champion  potato  planter.  Champion  Potato  Machinery  Co.,  Haii- 

mond,   Ind. — College  and   horticultural   department  of  station. 
Thomas  drill,  Thomas  Mfg.  Co.,  Springfield,  Ohio — College  and 

agricultural  engineering  tests. 
Friend  spray  motor.  Friend  Mfg.  Co.,  Gasport,  N.  Y. — College, 

biology  and  horticulture  departments  of  station. 
Packer   attachment   for   plow,   Wilburg   Plow   Attachment   Co., 

Nome,  N.  D. — College  and  farm. 
5-inch   Byron  Jackson  pump,   Byron  Jackson   Iron  Works,   San 

Francisco — Pumping  experiment. 
7-inch   American   pump,   American   Well   Works,   Aurora,   111. — 

Pumping  experiment. 
3-inch    Gould    pump,    Gould    Mfg.    Co.,    Seneca   Falls,    N.    Y. — 

Pumping  experiment. 
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1  20-40  h.  p.  Case  gas  engine,  J.  I.  Case  Co.,  Billings — College 
and  pumping  experiment. 

1  Holt  Caterpillar  60  h.  p.  engine,   Holt  Mfg.   Co.,   Great   Falls, 

Mont. — College  and  pumping  experiment. 

2  J.  I.  Case  dump  wagons,  J.  I.  Case  Co.,  Billings — College,  road 

school. 
1   Perfection  road  grader,  J.  I.  Case  Co.,   Billings — College,  road 

school. 
1  Road  drag,  J.  I.  Case  Co.,  Billings — College,  road  school 
1  Case  engine  tender,  J.  I.  Case  Co.,  Billings — College,  road  school, 

and  pumping  experiment. 
1  Fuller  &  Johnson  pump  engine.  Fuller  &  Johnson  Co.,  Madison, 

Wis. — College  and  farm. 
1  Iron  Age  potato  planter,  Bateman  Mfg.  Co.,  Grenloch,  N.  J. — 

College  and  horticultural  department  of  station. 
1  Iron  Age  potato  cultivator,  Bateman  Mfg.  Co.,  Grenloch,  N.  J. — 

College  and  horticultural  department  of  station. 
1   Spalding  deep  tilling  machine,  Spalding  Deep  Tilling  Machine 

Co.,  Cleveland,  Ohio — College  and  agricultural  engineering  tests. 
1  Two-way  J.  I.  Case  plow   (ordered  shipped),  F.  B.  Connelley, 

Billings — College  and  farm. 
1   Potato  sprayer,  F.  B.  Connelley,  Billings — ^CoUege  and  farm. 
1   pound  arsenate  of  lead,  Hemingways  London  Purple  Co.,  Lim- 
ited, New  York. 
30  pounds  arsenate  of  lead,  A.  B.  Ansbacher  &  Co.,  New  York. 

3  pounds  arsenate  of  lead,  Grasselli  Chemical  Co.,  Cleveland,  Ohio. 

1  pound  arsenate  of  lead,  Sherwin-Williams  Co.,  Cleveland,  Ohio. 

2  pounds  arsenate  of  lead.  Bean  Spray  Pump  Co.,  San  Jose,  Calif. 
5  pounds  arsenate  of  lead,  Fred  L.   Lavanburg,  New  York. 

2  pounds  arsenate  of  lead,  Merrimac  Chemical  Co.,  Boston,  Mass. 
30  pounds  arsenate  of  lead,  Better  Spray  Co.,  Portland,  Ore. 
1  gallon  combined  fungicide  and  insecticide,  2  quarts  Calite,  1 
quart  Herrmann's  Arsoid,  Morris  Herrmann  &  Co.,  New  York. 
1  pound  arsenate  of  lead.  Corona  Chemical  Co.,  Milwaukee,  Wis. 
12^  pounds  arsenate  of  lead,  Dow  Chemical  Co.,  Midland,  Mich. 
5  pounds  arsenate  of  lead,  Bowker  Insecticide  Co.,  Boston,  Mass. 
10  pounds  soluble  sulphur,  Niagara  Spray  Co.,  Middleport,  N.  Y. 
.  6  pounds  arsenate  of  lead,  Adler  Chemical  Works,  New  York. 
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WBATHEB    BEOOBD 

SUMMARY    BY     MONTHS    FOR    THE     YEAR     1912 
Edmund    Burke,    Meteorologist 
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SUMMARY    FOR    THE    YEAR    1912 

Highest  temperature 87°,  July  25th  and  August  2Cth 

Lowest  temperature -19°,  January  2nd 

Greatest  range 10G° 

Highest  monthly  mean 59;9°,  July 

Lowest  monthly   mean 18.8°,   March 

Highest  daily  mean 71.5°,  July  25th 

Lowest  daily  mean -5.5°,  February  6th  and  7th 

Greatest  total  precipitation  for  one  month 3.59  in.,  April 

Last  killing  frost May   28th 

First  killing  frost September  15th 
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LETTER  OF  TRANSMITTAL 

Bozeman,  Montana,  January  31,  1914. 

To  His   Excellency,   Samuel  V.   Stewart, 

Governor  of  Montana. 
Dear  Sir: 

In  accordance  with  the  Congressional  Acts  of  March  2,  1887, 
and  March  16,  1906,  I  have  the  honor  to  transmit  herewith  the 
Twentieth  Annual  Report  of  the  Montana  Experiment  Station.  The 
financial  statement  is  for  the  year  ending  June  30,  1913 ;  the  results 
of  investigations  of  the  several  departments  are  reported  to  the  end 
of  the  State  year,  November  30,  1913. 

Very  respectfully, 

F.  B.  LINFIELD,  Director. 


REPORT  OF  THE  TREASURER 

The  Experiment  Station  of  the  Agricultural  College  of  the 
State  of  Montana  in  account  with  the  United  States  appropriations 
1912-13. 

Dr. 

Hatch  Fund  Adams  Fund 
To  receipts  from  the  Treasurer  of  the 
United  States,  as  per  appropriations 
for  the  fiscal  year  ended  June  30, 
1913,  under  acts  of  Congress  approved 
March  2,   1887    (Hatch   Fund),   and 

March  16,  1906  (Adams  Fund) $15,000.00  $15,000.00 

Cr. 
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Chemical    supplies 109.46  236.47 
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Fertilizers .- 

Feeding  stuffs 196.12  61.00 
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Tools,  implements  and  machinery..            93.74  25.99 

Furniture  and  fixtures 15.50  48.40 

Scientific  apparatus 18.50  190.34 

Live   stock 21.35       .  300.00 

Traveling  expenses 147.45  441.85 

Contingent  expenses 

Buildings  and  land 73.79 

Total $15,000.00  $16,000.00 


We,  the  undersigned,  duly  appointed  auditors  of  the  corporation, 
do  hereby  certify  that  we  have  examined  the  books  and  accounts 
of  the  Experiment  Station  of  the  Agricultural  College  of  the  State 
oi  Montana,  for  the  fiscal  year  ending  June  30,  1913 ;  that  we  have 
found  the  same  well  kept  and  classified  as  above,  and  that  the  receipts 
for  the  year  from  the  treasurer  of  the  United  States  are  shown  to 
have  been  $15,000.00  under  the  act  of  Congress  of  March  2,  1887, 
and  $16,000.00  under  act  of  Congress  of  March  16,  1906,  and  the 
corresponding  disbursements  $15,000.00  and  $15,000.00,  for  all  of 
which  proper  vouchers  are  on  file  and  have  been  by  us  examined 
and  found  correct,  thus  leaving  no  balance. 

And  we  further  certify  that  the  expenditures  have  been  solely 
for  the  purposes  set  forth  in  the  acts  of  Congress  approved  March 
2,  1887,  and  March  16,  1906,  and  in  accordance  with  the  terms  of 
said  acts. 

Respectfully, 
Signed : 

J.  H.  BAKER, 

W.  S.  DAVIDSON, 

Auditors. 
Attest:     G.  R.  CALLAWAY,  Custodian. 
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State 
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Report  of  the  Director 

The  Agricultural  Experiment  Station  was  established  by  an 
act  of  the  State  legislature,  approved  February  16th,  1893.  It  is 
thus  twenty  years  since  the  Experiment  Station  was  organized  and 
its  work  started.  Because  of  this  it  seems  appropriate  to  call  atten- 
tion at  this  time  to  a  few  facts  concerning  the  growth  and  work  of 
the  institution  since  its  organization. 

The  law  established  the  Experiment  Station  at  Bozeman,  Galla- 
tin County,  and  donated  160  acres  of  land  for  an  experiment  farm] 
and  the  Hatch  fund  from  the  Federal  Government  provided  $15,000 
per  year  for  the  maintenance  of  the  work.  Out  of  this  fund  and 
the  proceeds  from  farm  products  was  provided  the  buildings  and 
equipment  needed  for  carrying  on  the  work  for  the  first  ten  years. 

The  Station  staff  at  the  beginning  consisted  of  four  men,  the 
director,  who  was  also  horticulturist,  an  agriculturist  and  botanist, 
a  chemist,  and  a  veterinary  surgeon.  One  year  later  an  irrigation  • 
engineer  was  added.  None  of  these  men  are  at  present  in  the  employ 
of  the  Station;  the  last  one  to  sever  his  connection  resigned  in  the 
autumn  of  1903. 

This  first  ten-year  period  might  be  called  the  pioneer  stage  of 
the  work,  during  which  the  Station  made  a  place  for  itself  and 
demonstrated  its  possibilities.  The  people  as  a  whole  had  not  yet 
awakened  to  the  great  agricultural  possibilities  of  the  State. 

In  the  spring  of  1903  began  what  might  be  called  the  construc- 
tive period  of  the  Station's  development.  The  legislature  of  that 
winter  appropriated  $16,000  for  the  construction  of  farm  buildings 
and  gave  the  first  appropriation  for  general  maintenance  to  supple- 
ment the  United  States  Government  funds.  These  appropriations  have 
been  kept  up  and  increased,  so  that  during  the  next  ten  years,  or 
up  to  the  spring  of  1913,  $135,000  had  been  given  for  buildings  and 
improvements  for  the  agricultural  work,  and  the  State  maintenance 
fund  now  amounts  to  $37,000  per  year.  In  addition  to  this,  $15,000 
has  been  put  into  permanent  equipment  at  substations,  and  the 
funds  for  their  maintenance  and  for  other  work  over  the  State  have 
increased  to  $23,000  per  year. 

Within  the  past  ten  years  the  funds  from  the  United  States 
Government  have  been  doubled,  making  $30,000  per  year  from  this 
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source.  The  total  income  from  all  sources  for  1913-14  was  $107,000. 
At  the  beginning  of  this  period  the  farm  land  consisted  of  the 
original  160  acres.  Some  five  years  ago  an  additional  160  acres  ivas 
purchased  and  the  State  turned  over  to  the  custody  of  the  institution 
the  640  acres  in  the  Fort  Ellis  military  reservation.  This  gives  960 
acres  at  the  home  station,  not  including  the  college  campus.  At 
the  substations  180  acres  of  land  have  been  given  to  the  State. 

Summing  up  the  changes  for  the  past  ten  years,  we  find  that 
at  the  beginning  of  this  period  the  Station  staff  numbered  seven 
men.  It  now  numbers  twenty-two,  representing  nearly  all  phases 
or  agricultural  work.  The  land  area  has  been  multiplied  seven  times  ; 
the  buildings  and  equipment,  measured  by  their  cost,  have  multiplied 
ten  times.  The  maintenance  appropriation  for  the  work  has  multi- 
plied five  and  one-half  times. 

During  this  same  ten  years  the  people's  ideas  as  to  the  agricul- 
tural possibilities  of  the  State  have  been  revolutionized.  The  land 
below  the  ditch  has  nearly  doubled  and  the  projects  in  hand  and 
proposed  will  double  the  present  irrigated  area  within  a  few  years. 
The  crop-producing  possibilities  of  millions  of  acres  of  bench-lands 
have  been  demonstrated,  and  thousands  of  settlers  are  now  making 
their  homes  on  this  land.  Large  business  concerns  have  shown  their 
interest  in  this  work  by  giving  thousands  of  dollars  to  aid  in  farm 
demonstration.  The  Experiment  Station  has  received  $66,000  from 
other  than  State  or  Federal  sources  during  the  past  ten  years. 

The  results  from  these  demonstrated  agricultural  possibilities 
are  now  being  realized.  It  is  faith  in  the  agricultural  wealth  of 
Montana  that  has  constructed  the  hundreds  of  miles  of  new  railroads 
in  the  State  within  the  past  ten  years,  and  it  is  the  development  of 
the  agricultural  resources  which  is  leading  these  railroads  to  con- 
struct hundreds  of  miles  of  additional  lines  as  fast  as  they  can  raise 
the  money  for  the  work.  It  is  this  same  faith  in  the  agriculture  of 
Montana  which  has  added  scores  of  new  towns  along  the  old  lines 
of  railway  and  increased  greatly  the  population  of  the  old  ones.  It 
has  also  built  scores  of  new  towns  along  the  new  lines  of  railroads, 
and  the  end  is  not  yet. 

This  agricultural  development  has  nearly  doubled  the  assessed 
valuation  of  the  State  in  ten  years  and  also  has  made  it  possible 
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for  the  State  to  sell  its  own  lands  rapidly  and  at  maximum  prices. 
The  increase  in  land  values  and  in  assessment  has  already  returned 
to  the  State  many  times  what  it  has  put  into  this  agricultural  devel- 
opment and  the  returns  will  multiply  rapidly  within  the  next  few 
years. 

The  Experiment  Station  has  had  a  part  in  this  development  by 
pointing  out  the  agricultural  possibilities  and  showing  how  they 
could  be  safely  used.  We  feel,  however,  that  there  is  now  another 
problem  demanding  attention.  We  must  delve  deeper  into  the  farm 
problems.  It  is  ours  to  assist  in  showing  the  new  and  the  old  settler 
the  way  to  get  the  most  out  of  his  farm  and  the  farm  life,  and  to 
point  the  way  to  the  building  of  a  permanent  agriculture  in  the 
State.  From  the  Experiment  Station  standpoint  we.  will  have  to 
dig  deeper  into  the  scientific  problems  underlying  our  agriculture, 
in  order  that  we  may  lay  that  deep,  broad,  and  safe  basis  necessary 
to  the  highest  type  of  successful  agriculture.  Thus  we  will  need 
men  of  great  scientific  attainment,  deep,  broad,  and  thorough  in 
their  training,  and  enthusiastic  in  their  work.  We  should  begin  a 
new  era  in  our  development  as  an  agricultural  experiment  station 
and  put  more  stress  on  our  scientific  research  work. 

Agriculture  is  a  growing  science.  Not  alone  are  the  four  main 
divisions, — animal  husbandry,  dairying,  agronomy,  and  horticulture — 
dividing  into  specialties,  but  we  are  also  adding  to  these  divisons. 
Thus  we  have  agricultural  engineering,  dealing  with  the  mechanical, 
civil,  and  electrical  engineering  problems  of  the  farm.  Then  there 
is  farm  management,  which  is  defined  as  the  "science  of  the  organ- 
ization and  management  of  farm  enterprises  for  the  purpose  of 
securing  the  greatest  continuous  profit."  To  these  are  added  the 
social  and  economic  problems  of  the  farm  and  the  farm  home. 

Farm  management  is  the  latest  addition  to  our  division  of 
agriculture  and  one  that  promises  much  for  farm  development.  Like 
the  manufacturing  enterprises,  the  work  of  the  farm  in  this  country 
has  been  revolutionized  by  machinery  within  the  memory  of  many 
farmers  now  living.  This  machinery  has  not  affected  the  science 
of  farming  to  any  great  extent  but  it  has  had  a  wonderful  effect  on 
the  business  of  farming.  Sixty  to  seventy  years  ago  one-half  or 
more  of  the  people  were  needed  to  produce  the  food  and  clothing 
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for  the  country.  With  modern  farm  machinery  effectively  used, 
one  farmer  can  produce  enough  raw  material  to  feed  and  clothe 
three  to  five  other  families.  This  calls  for  a  new  business  adjust- 
ment not  alone  of  the  farm  and  the  farmer  but  of  the  country  as  a 
whole.  The  farmer,  while  feeling  the  pressure,  has  not  adjusted 
his  work  to  the  new  conditions  as  readily  as  the  manufacturer  and 
the  business  man. 

Up  to  within  the  past  ten  years  no  careful,  scientific  and  com- 
prehensive studies  had  been  made  of  the  subject,  but  the  results  of 
lecent  studies  made  in  some  eastern  states  indicate  that  a  thorough 
knowledge  of  farm  management  may  be  worth  more  to  the  farmer 
than  many  other  kinds  of  agricultural  knowledge.  Studies  of  this 
nature  will  be  of  particular  value  under  new  farm  conditions  in  this 
State. 

A  further  improvement  in  the  organization  of  the  Division  of 
Agriculture  of  the  College  followed  when,  during  the  past  summer, 
the  Director  was  made  Dean  of  this  division,  thus  uniting  all  of  the 
agricultural  work  of  the  institution  under  one  head.  Following  this 
a  department  of  agricultural  extension  was  organized.  This  depart- 
ment will  have  charge  of  all  the  educational  work  carried  on  by  the 
College  out  over  the  State. 

THE   WOBK   Ain>   OBOWTH    OF    THE    DEPABTMSNTS 

The  growth  of  the  Experiment  Station  during  the  past  ten  years 
has  been  a  growth  of  the  various  departments  more  largely  than  an 
addition  of  new  departments.  Veterinary  science,  one  of  the  first 
departments  started  in  the  Station,  but  discontinued,  has  again  been 
organized,  and  the  poultry  work  has  been  raised  to  a  department. 

Agronomy  Department. — The  largest  extension  of  the  work  has 
been  in  the  agronomy  department,  due  largely  to  the  soil  and  crop 
problems  of  the  dry  farm.  Experiments  and  observation  have  shown 
what  are  good  and  safe  methods  of  soil-handling.  They  have  also 
pointed  out  many  of  the  crops  and  cropping  methods  adapted  to  the 
various  sections  of  the  State.  It  has  been  shown  that  the  fall-wheat 
area  is  not  confined  to  a  few  favored  localities  but  makes  up  a  belt 
over  300  miles  wide  east  of  and  parallel  to  the  Rocky  Mountain 
divide.     It  has  been  shown  that  corn  is  a  successful  crop  over  all 
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the  eastern  part  of  the  State  on  the  dry  land,  particularly  in  districts 
less  than  3,500  feet  above  sea  level.  Flax  has  been  demonstrated 
as  a  successful  new  land  crop  over  a  very  large  area  of  the  State 
aa  has  also  the  particular  advantage  of  such  early  crops  as  HuUess 
barley,  and  Sixty-day  and  Kherson  oats.  Alfalfa  has  also  been 
grown  successfully  over  much  of  the  bench-land  of  the  State. 

During  the  past  eight  years,  four  bulletins  and  six  circulars  have 
been  published  on  dry-farm  methods  and  crops,  some  of  these  in 
editions  as  large  as  40,000  copies.  It  is  worthy  of  note  that  so  great 
has  been  the  demand  for  these  bulletins  and  circulars  that  the  edi- 
tions of  nearly  all  of  them  are  exhausted,  making  necessary  the  early 
issue  of  other  publications  on  the  same  subjects. 

The  department  has  now  in  progress  a  large  number  of  exper- 
iments both  at  the  home  station  and  at  substations  over  the  State, 
looking  to  improved  methods  of  soil  and  crop  management  and  to 
the  breeding  and  selection  of  improved  varieties  of  grain  better 
adapted  to  Montana  conditions. 

This  department  has  also  had  charge  of  the  Station  irrigation 
studies.  Early  work  in  irrigation  by  the  Station  was  mainly  con- 
cerned with  seepage  losses  from  canals  and  gathering  facts  as  to 
the  actual  use  of  water  by  the  farmers.  Later,  studies  were  made 
of  controlling  and  correcting  the  evils  of  seepage  by  means  of  drain- 
age. During  all  this  time  careful  studies  have  been  made  as  to  the 
most  efficient  use  of  water  or  how  to  get  the  largest  possible  returns 
from  the  water  used.  During  the  past  few  years  the  work  has  been 
enlarged  and  apparatus  devised  for  more  accurate  study  of  all  the 
conditions  affecting  the  efficient  use  of  water.  Plans  are  now  being 
laid  to  test  under  field  conditions  some  of  the  information  gained 
through  the  laboratory  studies. 

Irrigation  development  has  brought  two  lines  of  work  to  inves- 
tigators,— one  distinctly  agricultural  and  the  other  largely  engineer- 
ing, though  for  both  specialties  some  understanding  of  the  other 
jnan's  problem  is  necessary  for  the  best  work. 

The  construction  of  the  large  irrigation  ditch  is  distinctly  an 
engineering  problem.  Given  sufficient  funds  an  engineer  of  exper- 
ience will  in  a  few  years  construct  the  works.  A  few  years  more 
may  be  necessary  to  correct  the  defects  that  arise  from  use.     After 
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this  the  problem  is  merely  maintenance  while  in  use.  The  yearly 
cost  of  such  maintenance  will  vary  with  the  character  of  the  con- 
struction, particularly  of  the  headgate,  flumes,  turnouts,  etc«  If 
these  structures  are  temporary  they  have  frequently  to  be  replaced ; 
if  permanent,  the  cost  is  generally  small. 

The  problem  of  the  Experiment  Station  commences  when  the 
settlers  start  to  farm  the  lands  under  this  ditch.  There  is  yet  work 
for  the  engineer  in  maintaining  and  protecting  the  canal  and  cor- 
recting faulty  construction.  There  are  also  problems  growing  out 
of  leakage  from  the  canal  and  from  excessive  or  injudicious  use  of 
water,  viz,  the  control  of  seepage  and  the  drainage  of  water-logged 
soils.  There  are  also  many  engineering  problems  growing  out  of 
the  methods  of  distribution  of  water  to  the  farms, — lateral  ditches, 
headgates,  turnouts,  water  measuring  devices,  etc. 

Not  all  farm  irrigation  problems,  however,  concern  themselves 
with  the  large  ditch.  Pumping  water  for  irrigation  presents  many 
engineering  questions  for  the  individual  farmer,  particularly  the  kind 
and  size  of  the  plant  and  the  kind  of  power  to  use.  In  many  parts 
of  the  dry-farm  country  concrete  information  is  needed  on  the  con- 
struction of  small,  inexpensive  reservoirs  to  catch  the  run-off  from 
the  spring  freshets  and  of  diversion  dams  to  turn  the  flood  waters 
onto  the  farm  lands  where  they  may  be  used  rather  than  permit 
them  to  run  to  waste  down  the  coulees. 

While  the  irrigation  engineer's  problem  is  to  make  available 
and  get  to  the  farm  land  the  maximum  amount  of  water  at  the 
minimum  cost  of  time,  money  and  trouble,  and  to  prevent  or  over- 
come some  of  the  troubles  that  arise  through  this  process,  the 
farmer's  irrigation  problem  is  to  get  the  largest  possible  crop  returns 
from  this  water.  He  wants  to  know  what  is  the  effect  of  the  amount 
of  water,  the  time  and  method  of  its  application,  and  the  temperature 
of  the  water  or  its  quality  upon  the  amount,  growth,  and  quality 
cr  composition  of  the  different  kinds  of  crops  he  grows.  With  the 
further  development  of  irrigation  he  will  want  to  know  how  best 
to  conserve  the  irrigation  water  so  as  to  get  the  largest  benefit  from 
that  which  comes  to  him.  This  involves  studies  of  soil  and  soil 
cultivation  and  of  the  kinds  of  crops  which  will  give  a  proper  seasonal 
use  of  the  water.    This  farm  irrigation  problem  has  in  the  Montana 
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Station  been  a  part  of  the  work  of  the  agronomy  department.  For 
the  farmer,  water  is  not  an  end  but  a  means  to  an  end — ^the  crop. 
This  phase  of  our  irrigation  studies  we  plan  to  make  as  prominent 
in  the  work  of  the  future  as  it  has  been  in  the  past.  In  extending 
the  irrigation  studies  it  is  planned  to  put  more  emphasis  on  the 
engineering  problem, — that  side  which  is  concerned  in  getting  the 
water  to  the  farm  with  a  minimum  of  loss,  trouble,  and  expense, 
while  preventing  or  correcting  the  evils  that  may  follow  from  its 
injudicious  use. 

The  legislature  of  1913  added  materially  to  the  responsibilities 
of  the  agronomy  department  by  providing  for  the  equipment  and 
maintenance  of  a  grain  laboratory.  This  equipment  adds  greatly  to 
the  ability  of  the  department  to  serve  the  people  of  the  State;  first, 
in  providing  facilities  for  testing  the  purity  and  germination  of 
agricultural  seeds;  and,  second,  in  making  it  possible  to  test  the 
baking  qualities  of  flour  made  from  Montana  wheats. 

An  additional  line  of  work  taken  up  in  this  department  during 
the  year  was  the  farm  management  studies.  This  is  a  study  of  the 
business  side  of  farming  and  the  factors  that  make  for  success  or 
failure  in  carrying  on  the  farm  business.  There  is  room  for  large 
expansion  in  this  work  as  soon  as  sufficient  funds  can  be  provided. 

To  carry  on  the  work  above  outlined  has  called  for  a  large 
increase  in  the  personnel  of  the  agronomy  department.  Ten  years 
ago  but  a  portion  of  the  time  of  one  man  was  given  to  this  work. 
Now  practically  all  the  time  of  eight  men  is  fully  employed,  not 
counting  student  assistants  and  laborers.  The  work  has  been  spread 
over  the  State  to  enable  the  department  to  study  soil  and  crop 
conditions  under  the  great  variations  in  climate  found  in  different 
parts  of  Montana.  The  department  is  at  present  well  organized 
for  efficient  service  for  the  State  and  has  a  large  number  of  inves- 
tigations in  hand. 

Horticulture  Department. — This  department  concerns  itself  with 
the  growth  and  management  of  ornamental  trees  and  shrubs,  fruits, 
both  tree  and  bush,  and  vegetables  of  all  kinds.  While  every  farmer 
is  interested  in  all  phases  of  this  work,  in  a  new  country,  trees,  fruits, 
and  vegetables  occupy  a  secondary  place  to  the  large  staples,  like 
grain  and  forage  crops,  studied  by  the  agronomy  department.    They 
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must  also,  of  necessity,  occupy  a  secondary  place  as  to  time  of 
starting  their  production  except  in  a  few  localities  especially  adapted 
to  fruit  growing. 

The  department  made  an  early  start  in  testing  a  great  variety 
of  ornamental  trees  and  shrubs  and  of  fruits  adapted  to  Montana 
conditions,  particularly  in  the  higher  valleys.  Orchard  surveys  made 
in  the  fruit  sections,  where  many  scores  of  varieties  have  been 
grown,  have  pointed  out  the  varieties  adapted  to  these  peculiar 
conditions. 

^*  The  horticultural  substation  in  the  Bitter  Root  Valley,  where 
the  orchards  are  just  coming  into  bearing,  is  giving  more  exact  infor- 
mation as  to  varieties  and  methods  of  cultivation  best  adapted  to 
this  fruit  section  of  the  State.  It  is  planned  to  extend  this  work  to 
other  substations  in  various  parts  of  the  State  which  have  a  different 
climate  and  soil.  Only  from  such  local  studies  will  we  be  able  to 
determine  the  varieties  best  adapted  to  any  particular  locality. 

The  work  with  vegetables  has,  as  yet,  been  largely  confined  to 
the  home  station  at  Bozeman.  Our  problem  is  to  find  the  varieties, 
and  the  methods  of  growing  them,  that  will  give  good  results  in  our 
higher  valleys.  Some  interesting  and  valuable  results  have  been 
obtained,  reports  of  which  will  soon  be  published.  As  soon  as  funds 
will  permit,  this  work  must  also  be  extended  to  the  substations. 

This  department  has  also  grown,  but  not  to  the  extent  of  some 
others.  Ten  years  ago  the  work  was  in  charge  of  an  assistant  in 
the  agricultural  department.  Now  it  is  a  full  department  and  two 
men  give  all  their  time  to  the  work. 

Animal  Husbandry  Department. — Montana  has  always  been  a 
great  live  stock  State.  First  were  the  buffaloes  which  roamed  in 
countless  thousands  over  her  rolling  plains  and  mountain  valleys.  A 
little  over  thirty  years  ago  they  practically  disappeared.  They  were 
followed  by  thousands  of  cattle  and  millions  of  sheep,  which  traveled 
at  will  over  the  country,  growing  and  fattening  on  the  rich  native 
pasture;  but  the  time  of  the  passing  of  the  open  range  is  also  at 
hand.  A  new  live  stock  era  is  being  ushered  in,  and  that  live  stock 
development  which  is  beginning  will  be  as  superior  to  that  which 
is  just  closing,  in  its  service  to  man,  as  that  was  to  the  primitive 
buffalo.     The  live  stock  industry  will  be  no  longer  speculative  and 
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at  the  mercy  of  the  uncertainties  of  the  weather,  but  will  be  a  safe 
constructive  business.  The  growing  of  feed  will  not  be  left  to  the 
caprice  of  nature,  but  will  be  under  man's  guiding  care.  The  animals 
will  not  be  left  at  the  mercy  of  the  fierce  storms  of  the  prairie,  but 
will  have  the  shelter  which  their  value  and  service  demands.  In  a 
state  where  two-thirds  the  area  will  always  be  range,  thousands  of 
beef  cattle  and  millions  of  sheep  will  continue  to  be  produced  under 
the  new  farm  conditions,  but  the  bands  will  be  smaller  and  the  owners 
multiplied  many  times.  However,  we  must  learn  some  lessons  from 
the  past  and  do  all  we  can  to  reduce  the  labor  cost  for  feed  and 
care  to  a  minimum.  For  the  best  profit  the  animals  must  still  gather 
the  larger  portion  of  their  feed  both  summer  and  winter.  The  risk 
of  loss  must  be  eliminated,  however,  by  making  readily  accessible 
an  abundance  of  roughage  for  the  winter  months.  But  the  new  era 
is  going  to  add  to  our  live  stock  thousands  of  dairy  cows  and  millions 
of  hogs  and  chickens.  Already  a  large  beginning  has  been  made 
and  the  next  few  years  will  multiply  it  many  fold. 

The  coming  of  the  thousands  of  new  settlers  who  have  spread 
themeslves  over  much  of  the  former  range  country  has  not  changed 
the  climatic  conditions,  which  made  this  country  the  home  of  the 
buffalo  and  enabled  the  range  live  stock  to  thrive  and  enrich  their 
owners,  even  though  no  food  or  shelter  was  provided  except  such 
as  the  country  naturally  afforded, — enriched  them  even  though  a 
"bad"  winter  every  six  or  eight  years  destroyed  the  cattle  and  sheep 
by  thousands.  The  settler  over  the  range  has  made  it  a  better  live 
stock  country  than  it  ever  was,  as  he  can  eliminate  the  winter  losses 
by  providing  winter  feed  and  shelter.  Moreover  observation  leads 
to  the  conclusion  that  permanent  success  for  the  Montana  farmer  on 
the  irrigated,  and  more  especially  on  the  dry,  farm  can  come  only 
through  a  new  live  stock  industry.  Wondei  fully  rich  and  fertile 
as  the  soils  of  the  State  are,  the  present  crop  returns  can  be  main- 
tained for  but  a  few  years  without  a  diversity  of  crops  and  the  feeding 
of  the  most  of  them,  roughage  and  also  concentrates,  on  the  farm. 

The  work  of  the  animal  husbandry  department  for  the  past  ten 
years  has  been  largely  preparation  for  the  new  live  stock  era  which 
is  upon  us.  A  commodious  and  well  equipped  group  of  live  stock 
buildings  has  been  erected;  a  large  herd  of  dairy  cows,  both  pure- 


l«a  MONTANA   EXPERIMENT   STATION 

bred  and  grade,  has  been  built  up ;  a  herd  of  pure-bred  and  grade 
beef  cattle  has  been  started ;  a  large  flock  of  several  breeds  of  sheep 
is  maintained ;  three  or  four  breeds  of  hogs  are  kept  and  large  num- 
bers sold  as  breeders  or  as  pork  each  year;  and  finally  some  three 
to  four  hundred  laying  hens  are  producing  eggs  nearly  the  year 
around.  Practically  all  the  hay,  grain,  and  pasture  produced  on  a 
farm  of  900  acres  goes  to  market  as  live  stock  or  live  stock  products. 
A  large  number  of  experiments  has  been  carried  on  with  all  these 
classes  of  live  stock  and  yet  more  extensive  tests  are  planned  for 
the  immediate  future.  A  well  equipped  dairy  provides  for  the  testing 
of  all  milk  from  the  cows  and  the  manufacture  of  the  milk  into 
butter  or  cheese. 

Five  years  ago  the  legislature  provided  for  the  registration. 
inspection  and  licensing  of  all  stallions  and  jacks  kept  for  service  in 
the  State,  or  imported  to  the  State  for  such  purpose.  The  head  of 
the  animal  husbandry  department  was  made  secretary  of  this  board 
and  its  work  is  carried  on  under  his  direction. 

Ten  years  ago  the  animal  husbandry  work  was  all  under  the 
direction  of  the  agriculturist  who  could  give  to  it  but  a  portion  of 
his  time.  Now  five  men  find  employment  in  the  department,  four 
of  them  giving  most  of  their  time  to  Experiment  Station  work.  The 
department  is  at  present  organized  in  three  main  divisions;  animal 
husbandry,  or  the  production  of  live  stock  and  live  stock  products : 
dairying,  or  the  care  and  manufacture  of  milk  and  its  products ;  and 
poultry  husbandry.  Specialists  are  in  charge  of  each  of  these  lines 
of  work.  The  observation,  experience  and  experiments  of  the  past 
ten  years,  coupled  with  the  thorough  equipment  of  the  department, 
put  it  in  a  position  to  be  of  large  service  to  the  State  in  the  coming 
new  live  stock  development. 

Biology  Department. — To  most  people  the  problems  of  pro- 
duction appear  to  be  the  ones  that  trouble  the  farmer  and  while  they 
undoubtedly  occupy  the  major  portion  of  his  time  and  attention 
there  are  at  times  other  problems  that  seriously  worry  him  and 
interfere  with  his  profits.  From  the  fact  that  they  are  outside  of 
his  regular  line  of  thought  and  work,  they  are  generally  hard  to 
understand  and  control.  For  this  reason  also  they  occupy  a  large 
place  in  the  work  of  the  Experiment  Station.    Successful  agriculture 
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demands  not  alone  that  we  know  how  to  grow  crops  and  animals 
successfully  but  also  how  to  protect  them  from  disease  and  pests 
that  may  frequently  seriously  impair,  and  sometimes  totally  destroy, 
the  profits  of  the  farmer.  While  all  classes  of  plants  and  animals 
are  subject  to  such  damage,  the  fruit  crop  seems  to  be  especially 
exposed  to  danger.  So  important  are  protective  measures  for  this 
crop  that  in  the  older  fruit  sections  profitable  fruit  production  is 
impossible  without  a  constant  fight  against  disease  and  insect  pests. 
It  would  seem,  too,  to  be  a  never  ending  fight.  Old  pests  take  on 
new  or  more  virulent  qualities  in  a  new  environment  and  with  the 
free  and  rapid  movement  of  merchandise  from  all  parts  of  the  earth, 
new  pests  are  being  continually  introduced  and  in  the  new  environ- 
ment sometimes  take  on  such  vitality  and  destructiveness  as  to 
become  almost  a  plague. 

The  entomologist  and  the  bacteriologist  of  the  bioloj]:y  depart- 
ment find  in  this  new  country  an  ever  increasing  demand  upon  their 
time  and  thought.  Only  a  few  years  ago  the  fruit  sections  of  the 
State  were  practically  free  from  such  pests  as  the  codling  moth,  the 
apple  blight,  the  apple  scab,  etc.,  but  with  the  settling  of  the  country 
and  the  great  increase  in  the  number  and  distribution  of  the  orchards 
these  and  other  pests  are  multiplying  and  spreading,  and  a  persistent 
effort  must  be  put  forth  to  restrict  the  infected  districts  or  to  reduce 
the  ravages  to  a  minimum.  Experiments  by  the  biologists,  supple- 
menting the  studies  made  in  other  districts,  outline  the  methods 
which  fruit  growers  must  use  to  control  these  pests  and  diseases. 
The  same  problem  is  coming  to  us  in  our  grain,  forage  crops,  and 

roots  as  these  crops  increase  and  multiply  over  the  State. 

There  are,  too,  many  local  pests  which  in  the  past  lived  upon 
the  native  vegetation,  but  find  in  our  cultivated  crops  a  more  tooth- 
some food  supply  or,  as  in  the  case  of  the  spotted  fever  tick,  become 
a  menace  because  civilized  man  has  invaded  their  natural  habitat 
and  thus  exposed  himself  to  infection. 

The  biology  department  has  been  vigilant  in  keeping  track  of 
every  serious  introduction  of  new  insect  pests  or  plant  diseases  and, 
to  the  limit  of  the  time  available  and  of  the  funds  at  its  disposal,  has 
worked  out  methods  of  eradication  or  control.  The  problem,  how- 
ever, is  beyond  their  best  endeavors,  because  time  as  well  as  workers 


154  MONTANA    EXPERIMENT    STATION 

is  necessary  to  the  solution  of  many  of  the  problems. 

The  State  recognized  the  importance  of  quick  attention  to  some 
of  those  dangers  to  the  farmers'  crops  and  some  years  ago  made  the 
entomologist  of  the  Experiment  Station,  State  entomologist,  and 
appropriated  about  $250  per  year  for  traveling  expenses.  This  sum 
has  been  gradually  increased  until  the  last  legislature  gave  $2,000 
per  year  for  the  expense  of  this  work  over  the  State.  The  same 
legislature  created  a  board  of  entomology  of  which  the  Station 
entomologist  is  a  member.  The  duties  of  this  board  are  to  investigate 
and  study  the  dissemination  by  insects  of  diseases  among  persons 
and  animals,  said  investigations  having  for  their  purpose  the  erad- 
ication and  prevention  of  such  diseases.  The  immediate  object  of 
creating  this  board  was  to  provide  for  the  eradication  of  the  Rocky 
Mountain  spotted  fever  tick. 

Another  bill  passed  by  the  legislature  made  the  Station  entomolo- 
gist a  member  of  the  advisory  quarantine  board,  whose  duties  are  to 
prevent  the  introduction  and  spread  of  insect  pests  and  diseases  of 
horticultural  and  agricultural  plants. 

The  biology  department  is  among  the  oldest  in  the  Experiment 
Station  and  its  head  has  had  the  longest  continuous  service  of  any 
person  at  present  in  the  employ  of  the  Station.  Ten  years  ago  there 
were  but  two  men  in  the  department.  At  present  there  are  six,  and 
four  of  them  give  the  whole  or  a  large  part  of  their  time  to  inves- 
tigational work. 

Veterinary  Department. — The  veterinary  department  has  to  do 
for  the  live  stock  on  the  farm  what  the  biology  department  has  to 
do  for  the  plants,  viz,  to  study  and  devise  methods  ui  controlling  the 
diseases  that  affect  the  health  of  our  domestic  animals. 

Veterinary  science  was  among  the  first  lines  of  work  taken  up 
!)y  the  Experiment  Station,  but  was  later  discontinued.  It  was  again 
taken  up  some  four  years  ago.  The  department  is  not  large  but  is 
well  equipped  for  work.  It  will  need  considerable  expansion  to  fully 
serve  the  people  in  the  large  and  new  development  of  the  live  stock 
industry  that  is  beginning  in  the  State.  At  present  but  one  man  is 
engaged  in  this  department. 

Chemistry  Department. — The  chemistry  department  occupies 
rather  a  unique  position  in  that  it  is  in  many  ways  the  partner  of  all 
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other  departments  and  much  of  its  work  is  carried  on  in  cooperation 
with  those  departments.  Its  work  is  to  develop  our  understanding 
of  the  chemical  processes  going  on  in  the  plant  and  the  animal  during 
their  growth  and  development,  to  study  the  changes  taking  place  in 
plants  during  the  process  of  curing  for  the  use  of  animals  or  during 
their  digestion  by  these  animals.  Another  large  part  of  the  work  has 
to  do  with  the  soils,  explaining  the  reason  for  variations  in  soil  fer- 
tility and  aiding  in  devising  methods  for  overcoming  soil  sterility. 

The  chemistry  department  has  also  been  a  large  factor  in  the 
agricultural  development  of  the  State,  particularly  in  the  sugar  beet 
industry.  The  studies  made  by  the  United  States  Department  seemed 
to  indicate  that  Montana  was  outside  the  successful  sugar  beet  area 
of  the  country.  The  investigations  made  by  the  chemistry  department 
in  a  large  number  of  irrigated  valleys  showed  conclusively  that 
sugar  beets  could  be  made  a  profitable  crop  in  many  parts  of  Mon- 
tana. These  studies  were  important  factors  in  directing  the  attention 
of  those  interested  in  beet  sugar  manufacturing  to  Montana's  pos- 
sibilities, which  ultimately  resulted  in  the  erection  of  a  factory  at 
Billings. 

In  many  sections  of  the  State,  particularly  in  some  of  the  irri- 
gated valleys,  there  is  a  concentration  of  soluble  salts  in  the  soil, 
known  as  alkali.  This  concentration  of  salts  in  the  soil  is  injurious 
to  plant  growth  and  it  has  also  been  found  to  be  destructive  of 
cement  structures.  The  chemistry  department  has  determined  the 
cause  of  this  action  on  cement  and  suggested  a  method  of  prevention. 

Another  activity  of  this  department  has  been  to  keep  the 
weather  records  for  the  local  weather  station.  A  yearly  summary  of 
these  observations  is  given  in  the  annual  reports  of  the  Experiment 
Station.  The  department  has  been  making  a  comprehensive  study 
of  the  weather  reports  from  all  over  the  State  where  records  have 
been  kept  and  is  preparing  the  results  for  a  bulletin  to  be  issued  in 
the  near  future. 

The  development  of  the  Experiment  Station  in  all  departments 
has  made  necessary  the  enlargement  of  the  staff  of  expert  chemists. 
This  was  one  of  the  first  departments  organized  in  the  Experiment 
Station  and  ten  years  ago  used  part  time  of  two  men.  Now  four 
men  give  all  their  time   to  the  work  of  this  department   and  the 
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increasing  demands  for  help  will  soon  make  necessary  the  employ- 
ment of  additional  workers. 

OOOFERAXION 

The  Experiment  Station  has  been  particularly  fortunate  in 
obtaining  outside  aid  for  its  work.  The  earliest  illustration  of  this 
was  in  funds  given  by  the  Irrigation  Division  of  the  United  States 
Department  of  Agriculture  for  irrigation  studies.  With  a  few  inter- 
missions, help  from  this  source  has  been  continued  to  the  present 
time.  In  the  aggregate,  several  thousand  dollars  have  been  con- 
tributed. 

The  starting  by  the  Station  of  dry  farming  studies  some  nine 
years  ago  was  due  to  the  help  offered  by  Mr.  Thomas  Cooper  of  the 
Northern  Pacific  railway.  Two  thousand  five  hundred  dollars  was 
given  for  the  first  year's  work.  This  sum  was  increased  until 
S7,500  per  year  was  given,  or  a  total  during  seven  years  of  $2m,5O0. 
Eight  years  ago  the  Great  Northern  railway  contributed  $2,000  per 
year  to  these  dry  farming  studies  and  this  sum  was  maintained  for 
four  years.  Later  the  Chicago,  Milwaukee  &  St.  Paul  railway  con- 
tributed about  $2,500  per  year  and  continued  this  for  two  seasons. 
In  addition,  all  these  railroad  companies  gave  free  transportation 
over  their  lines  for  all  those  engaged  in  looking  after  the  work. 

Without  these  contributions  it  would  have  been  impossible  to 
commence  the  dry  farm  studies  when  we  did  or  to  accumulate  as 
large  a  fund  of  information  about  dry  farming  methods  and  dry 
farm  crops  as  is  at  present  available. 

It  would  be  very  hard  to  measure  the  benefits  to  the  State 
that  have  come  from  the  early  inauguration  of  these  dry  farming 
studies  through  the  aid  given  by  these  railroad  companies.  The 
only  return  asked  from  the  Experiment  Station  was  to  find  the 
facts,  whatever  they  are,  and  publish  them  for  the  information  of 
the  people  of  this  and  other  states. 

As  the  progress  of  our  work  has  demanded  more  comprehensive 
studies  of  various  dry  farming  problems  the  Bureau  of  Plant  Indus- 
try of  the  U.  S.  Department  of  Agriculture  has  been  interested  in 
the  work  in  Montana  and  for  the  past  five  years  has  contributed 
about  $3,000  per  year  to  aid  in  these  studies. 

At  Osborn  on  the  Huntley  irrigation  project  the  U.  S.  Depart- 
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ment  of  Agriculture  has  started  an  experiment  farm.  Part  of  the 
work  is  carried  on  above  and  part  below  the  ditch.  For  a  small 
contribution  from  the  State  the  Experiment  Station  has  obtained 
a  complete  record  of  the  data  gathered  at  this  station,  where  some 
$10,000  per  year  has  been  spent  for  the  past  three  years. 

Some  eleven  years  ago  scientists  from  outside  the  State  became 
interested  in  a  particularly  fatal  disease  in  a  part  of  the  Bitter  Root 
Valley,  known  as  spotted  fever.  The  late  Dr.  Ricketts  of  Chicago 
University  definitely  pointed  out  the  relation  of  the  wood  tick  to 

« 

this  disease.  Our  entomologist  took  up  studies  of  the  tick  in  1908. 
Because  we  lacked  funds  to  carry  on  the  work  the  Bureau  of  Ento- 
mology and  the  Biological  Survey  of  the  U.  S.  Department  of 
Agriculture  were  interested  in  the  problem,  and  for  the  season  of 
J  910  two  men  were  maintained  in  the  field  studying  the  life  history 
of  the  tick.  As  a  result  of  these  subsequent  studies,  the  life  history 
of  the  tick  has  been  practically  worked  out  and  methods  have  been 
devised  for  its  eradication,  which,  it  is  believed,  will  also  eliminate 
the  disease. 

Such  was  the  faith  of  the  U.  S.  Bureau  of  Entomology  in  these 
methods  of  control  that  about  a  year  ago  an  appropriation  was 
obtained  from  Congress  for  $15,000  for  the  eiadication  of  the  tick 
from  the  infected  area  in  the  Bitter  Root  Valley.  During  the  last 
summer  the  work  was  started  and  will  be  followed  up  the  coming 
season.  This  great  help  to  this  section  of  the  State  was  a  direct 
result  of  the  studies  started  and  followed  up  by  the  Station  Ento- 
mologist. 

Adding  up  all  the  aid  contributed  for  practical  and  scientific 
studies  in  the  State  during  the  past  ten  to  twelve  years  makes  a  total 
of  about  $101,600.  Add  to  this  the  fact  that  the  contributions  made 
by  the  various  bureaus  of  the  U.  S.  Department  of  Agriculture  will 
probably  continue  for  some  years,  the  importance  of  securing  the 
U.  S.  Department  funds  for  scientific  work  in  the  State  is  still 
further  emphasized. 

These  donations  have  supplemented,  not  displaced,  funds 
obtained  from  the  State.  In  some  directions  they  have  made  neces- 
sary  increased    State   appropriations,   all   of   which,    however,   has 
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helped  immensely  to  add  to  our  knowledge  of  Montana  agriculture 
and  to  our  mastery  over  some  of  her  problems. 

APPBOPBIATIONS 

The  legislature  of  1913  made  substantial  appropriations  for  the 
maintenance  and  extension  of  the  Experiment  Station  work.  The 
general  maintenance  fund  was  raised  from  $22,500  to  $37,000,  an 
increase  of  $14,500  per  year.  In  addition  $2,500  was  given  for  paint- 
ing and  other  improvements  on  buildings.  For  the  farm  demonstra- 
tion work  $17,000  per  year  was  appropriated,  which  was  $3,000  per 
)'ear  less  than  for  the  year  1912-13.  For  the  maintenance  of  the 
dry-farm  substation  at  Moccasin  $4,000  per  year  was  given,  and 
$2,500  for  horses,  machinery,  etc.  For  the  Huntley  substation  $1,000 
per  year  and  for  the  horticultural  substation  $2,000  per  year  was 
appropriated.  The  total  increase  in  appropriations  for  maintenance 
and  improvements  for  the  two  years  was  $18,000,  or  $9,000  per  year. 

Two  bills  passed  by  the  legislature  materially  increased  the 
v/ork  and  responsibility  of  the  Experiment  Station,  one  of  these 
established  a  grain  laboratory  at  the  Station  and  the  other  proAnded 
for  the  testing  and  labeling  at  this  laboratory  of  farm  seeds  sold  in 
the  State.  An  appropriation  of  $2,000  was  made  to  equip  this  lab- 
oratory and  $4,000  was  given  for  the  two  years  for  maintenance* 

An  appropriation  of  $5,000  was  made  for  the  acquiring  cf  '3,0M0 
acres  of  land  and  the  buildings  on  the  Fort  Assinaboine  military 
reservation  near  Havre,  and  another  $5,000  for  equipping  and  main- 
taining an  agricultural  experiment  station  on  the  site.  The  appro- 
priation, however,  was  contingent  upon  the  Federal  Government 
turning  over  to  the  State  the  land  and  buildings  at  the  price  sfa'^cd. 
This  has  not  vet  been  done. 

IMPBOVEMENTS    AKD    ADDITIONS 

Considerable  improvements  have  been  made  on  the  college  fanri 
during  the  year.  The  farm  buildings  have  been  painted,  a  large 
amount  of  fencing  has  been  built,  brush  has  been  cleared  from  the 
sloughs  on  the  west  farm  and  a  beginning  made  in  clearing  up  the 
brush  on  the  Fort  Ellis  farm.  Considerable  ditching  has  also  l)cen 
clone  on  the  west  farm  and  a  large  number  of  permanent  culverts 
and  headgates  put  in,  both  around  and  through  the  farm,  .\bout 
$5,000  has  been  spent  in  these  improvements. 
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THE   GRAIN   IiABOBATOBY 

The  rooms  over  the  lower  heating  plant  have  been  fixed  up  for 
the  grain  laboratory.  One  room  is  used  for  milling  tests,  and  a 
small  experimental  mill  has  been  installed.  It  is  giving  very  good 
satisfaction.  Another  room  has  been  fitted  up  for  the  baking  tests 
with  sponge  case,  electric  mixer,  electric  oven,  and  other  equipment 
necessary  to  the  baking  of  the  test  samples  of  flour.  The  third  room 
is  equipped  for  seed  testing,  with  cleaners,  samplers,  germinators, 
etc.  While  more  apparatus  is  needed  to  complete  the  equipment  a 
very  good  start  has  been  made.  A  man  has  been  engaged  to  give 
his  full  time  to  this  work  and  the  demands  are  keeping  him  busy. 

SUBSTATIONS 

The  work  at  the  substations  has  progressed  satisfactorily  during 
the  year.  The  crops  at  all  places  were  good.  At  the  dry-farm  sub- 
station near  Moccasin  the  work  has  been  enlarged,  due  to  the 
acquisition  of  additional  land  rented  from  the  State.  Much  addi- 
tional equipment  was  purchased  during  the  year  and  material  has 
been  provided  to  fence  the  entire  section. 

The  annual  summer  picnic  at  this  station  in  .the  latter  part  of 
July  was  again  very  well  attended.  Speakers  of  prominence  were 
present  and  addressed  the  people,  and  very  great  interest  was  man- 
ifested in  the  work  of  the  station.  People  from  all  parts  of  the 
Judith  Basin  were  in  attendance  and  the  trains  brought  in  many 
from  as  far  away  as  Billings  and  Great  Falls.  The  railroads  provided 
a  very  accommodating  service.  Special  trains  on  the  Great  Northern 
started  from  Great  Falls,  from  Billings  and  from  Lewistown,  all  of 
which  reached  the  grounds  by  noon  or  a  little  after  and  were  held 
at  Moccasin  until  about  six  o'clock  to  take  the  people  home. 

At  the  Huntley  substation  the  work  has  been  enlarged  and  sys- 
tematic studies  have  been  undertaken  on  the  dry  land  as  well  as  on 
that  which  is  irrigated.  Some  interesting .  and  valuable  data  have 
been  gathered  at  this  place  but  it  is  too  early  yet  to  report  results. 

The  horticultural  substation  in  Ravalli  County  is  beginning  to 
show  results.  The  trees  are  coming  into  bearing  and  the  effects  of 
different  methods  of  cultivation  and  management  are  becoming 
apparent.  From  this  time  on  we  will  be  able  to  make  thorough 
studies   of  the  varieties   under  observation. 
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In  the  plans  submitted  to  the  last  legislature  three  additional 
substations  were  recommended;  one  of  these  to  be  located  west  of 
the  Rocky  Mountain  divide,  probably  in  the  Flathead  Indian  reser- 
vation ;  one  in  the  northern  part  of  the  State  on  the  Fort  Assinaboine 
military  reservation ;  and  one  in  the  eastern  part  of  the  State,  where 
com  promises  to  be  an  important  crop,  while  other  crops  are  not  as 
successful  as  in  the  western  part  of  the  State.  These  stations,  it  is 
believed,  with  those  already  established,  would  fairly  well  cover  the 
various  climatic  regions  of  the  State.  The  legislature  acted  on  but 
one  of  these  recommendations.  A  substation  was  established  on  the 
Fort  Assinaboine  military  reservation  contingent  upon  the  Federal 
Government  turning  over  the  land  and  buildings  to  the  State.  As 
this  has  not  been  done  no  work  has  been  undertaken  at  this  place 
during  the  year. 

DEMONSTBATION   FABM8 

In  accordance  with  plans  submitted  to  the  legislature  one  year 
ago,  we  have  during  the  year  closed  up  the  work  on  several  demon- 
stration farms  in  various  parts  of  the  State.  But  four  or  five  will 
be  conducted  during  the  coming  year.  These  demonstration  farms 
have  served  a  very  useful  place  in  our  study  of  the  agriculture  of  the 
State,  but  they  now  give  place  to  better  methods.  A  detailed  report 
c.f  the  results  of  the  work  will  be  prepared  next  year. 

AGBICULTURAL  EXTENSION  8EBVICE 

At  the  last  session  of  the  legislature  a  bill  was  passed  making 
it  possible  for  the  county  commissioners  in  any  county  of  the  State 
to  appropriate  $100  per  month  toward  the  salary  and  expenses  of 
a  county  agricultural  instructor.  The  bill  also  provides  that  the 
instructor  shall  be  nominated  by  and  be  under  the  direction  of  the 
director  of  the  Experiment  Station  or  such  agent  or  agents  as  he 
shall  name. 

The  county  support  coupled  with  the  funds  available  from  the 
demonstration  farm  work  enabled  us  last  year  to  maintain  two  county 
men  in  the  field,  one  in  Fergus  County  and  another  in  Custer  County. 
During  the  coming  year  it  is  planned  to  still  further  extend  this 
county  work  as  the  experience  of  the  past  year  clearly  demonstrated 
the  value  of  those  county  men  as  helpful  factors  in  building  up  the 
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agriculture  of  the  districts  where  they  are  located. 

To  make  the  work  more  effective  a  department  of  agricultural 
extension  has  been  organized  with  F.  S.  Cooley,  superintendent  of 
Farmers'  Institutes,  in  charge.  All  of  the  educational  work  in  agri- 
culture and  home  science  carried  on  by  the  College  out  over  the 
State  will  be  under  the  direction  of  this  department. 

In  addition  to  the  county  men,  who  in  a  measure  will  be  general 
agriculturists  and  confine  their  work  to  one  county,  it  is  planned 
to  employ  State  workers  who  will  be  specialists  in  some  field  of 
agriculture,  as  agronomy,  animal  husbandry,  horticulture,  etc.,  or 
in  the  field  of  home  economics.  These  State  workers  will  help  on 
special  problems  that  come  to  the  county  agriculturists  and  also 
help  at  farm  meetings  in  various  parts  of  the  State.  At  the  beginning 
the  State  workers  will  also  have  charge  of  some  of  the  special  depart- 
ments of  the  extension  service  as  assistants  to  the  superintendent 
of  extension. 

The  organization  as  above  outlined  will  make  for  economy  and 
efficiency  in  carrying  on  this  field  educational  work,  and  we  hope 
make  more  available  to  the  people  of  .the  State  the  results  obtained 
by  the  Experiment  Station. 

Another  phase  of  the  extension  work  may  be  termed  publicity, 
giving  to  the  press  and  people  of  the  State  early  reports  on  the 
lesults  of  the  experimental  work  of  our  own  and  neighboring  states, 
and  answering  the  large  number  of  requests  for  information  that 
come  to  us  from  all  parts  of  the  State.  For  several  months  during 
the  past  year  systematic  efforts  have  been  made  to  supply  the  papers 
of  the  State  with  short  articles  on  some  timely  agricultural  topic. 

About  500  words  a  week  has  been  sent  to  all  the  papers  of  the 
State  and  about  6,000  words  per  week  of  special  agricultural  matter 
has  been  prepared. 

COBBJBSPONDBNCE 

The  correspondence  is  largely  handled  by  the  various  depart- 
ments. The  demands  in  this  direction  are  growing  very  rapidly. 
During  the  past  year  over  15,000  letters  were  received  and  answered. 
About  5,500  of  these  were  requests  for  bulletins  and  were  an^vvered 
by  a  card  and  the  sending  of  the  bulletins  and  circulars.  Special 
inquiries  for  information  have  been  answered  by  the  departments. 
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The  agronomy  department  has  had  the  largest  demand  on  its  time 
and  thought,  3,500  letters  having  been  answered  during  the  year. 
The  other  departemnts  have  answered  letters  as  follows:  animal 
husbandry,  1,000;  biology,  1,390;  chemistry,  500;  horticulture,  800; 
poultry,  425;  veterinary  science,  420;  and  office,  1,500. 

The  largest  proportion  of  the  demands  for  information  come 
during  the  winter  season.  This  increase  in  correspondence  is  getting 
to  be  quite  a  tax  on  some  of  the  departments  and  it  is  hoped  that 
the  extension  department  will  relieve  them  of  it  in  the  near  future. 

Probably  the  increase  in  correspondence  and  work  of  the  Sta- 
tion may  also  be  shown  by  the  increased  demands  for  clerical  help. 
Ten  years  ago  but  $300  per  year  was  paid  out  for  office  help,  but  a 
part  of  the  time  of  a  student  being  used.  Now  seven  office  assistants 
i»re  employed  at  a  cost  close  to  $4,500  per  year  and  this  help  will 
soon  have  to  be  increased. 

MAIUNa   LIST 

The  Station  mailing  list  continues  to  grow.  We  are  now  pub- 
lishing an  edition  of  14,000  of^  each  bulletin  for  general  distribution 
and  12,000  of  each  circular  for  distribution  in  the  State.  The  names 
on  the  mailing  list  number  12,365,  distributed  as  follows:  Montana 
(i,750,  other  colleges  and  stations  3,075,  other  states  1,680,  foreign 
countries   240,   libraries  348,   and   newspapers   270. 

In  addition  to  the  names  on  the  regular  mailing  list  over  5,500 
requests  came  for  special  bulletins  and  in  answer  to  such  requests 
about  16,500  bulletins  and  circulars  were  sent  out  during  the  year. 

Any  person  in  Montana  who  would  like  to  receive  the  bulletins 
and  circulars  regularly  may  have  his  name  placed  on  the  permanent 
mailing  list  to  receive  them  as  issued.  They  are  sent  free  of  cost. 
These  publications  are  not.  issued  at  any  regular  periods  but  are 
distributed  at  irregular  intervals  as  received  from  the  press.  Names 
are  not  put  on  the  regular  mailing  list  except  on  special  request. 
In  other  words  we  do  not  consider  a  request  for  a  certain  bulletin 
as  a  request  to  go  on  the  permanent  mailing  list.  Copies  of  the 
bulletins  and  circulars  as  issued  are  sent  to  all  newspapers  in  the 
State  and  to  all  public  libraries.  The  newspapers  can  thus  give  early 
notice  of  the  availability  of  the  bulletins  and  the  libraries  will  have 
them  for  the  use  and  reference  of  their  patrons.     The  most  of  the 
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earlier  bulletins  of  the  Experiment  Station  are  out  of  print  and  it  is 
only  through  the  libraries  that  they  are  available  for  study. 

THE  WORK  OF  THE  EXPERIMENT  STATION  COVERS  THE  STATE 

The  work  of  the  Experiment  Station  is  not  confined  to  Bozeman. 
This  is  well  illustrated  by  the  accompanying  map,  which  shows 
where  the  agronomy  and  horticulture  departments  have  carried 
on  demonstrations  or  experiments  during  the  past  ten  years.  The 
results  of  this  work  have  given  much  valuable  information  about 
the  crop  possibilities  of  nearly  all  sections  of  the  State. 

The  work  of  the  biology  department  is  not  confined  to  any 
particular  farm,  but  is  carried  on  in  the  various  fruit  sections  of  the 
State,  particularly  in  Ravalli,  Missoula,  Sanders,  Flathead,  Yellow- 
stone, and  Carbon  Counties.  In  the  study  of  insects  that  affect  the 
iield  crops,  all  parts  of  the  State  are  visited. 

The  chemistry  department,  in  the  sugar  beet  studies,  carried  on 
work  in  nearly  all  the  irrigated  valleys  of  the  State,  and  in  the  studies 
of  infertile  soils  is  making  investigations  on  soils  from  many  parts 
of  the  State,  both  above  and  below  the  ditch. 

The  location  of  the  permanent  substations,  in  operation  or  pro- 
posed, shows  that  these  stations  will  fairly  well  cover  the  various 
climatic  regions  of  the  State.  Corvallis  and  Ronan  are  west  of  the 
Rocky  Mountain  divide,  Havre  is  in  the  northern  part  of  the  State, 
Moccasin  in  the  central  part,  Huntley  in  the  southern  part,  and 
Fallon  in  the  eastern  part  of  the  State. 

In  Ravalli  County,  near  Corvallis,  is  the  horticultural  substation, 
which  is  devoted  wholly  to  experiments  with  fruits  of  various  kinds. 
The  five  other  substations  in  operation  or  proposed  will  also  take 
up  studies  with  fruit  and  ornamental  trees  and  shrubs.  The  main 
work  of  these  stations,  however,  will  be  to  study  the  kinds  and  var- 
ieties of  crops  and  the  different  cropping  methods  that  will  give 
best  results  under  the  peculiar  climatic  conditions  there  prevalent. 
It  is  believed  that  these  stations  cover  fairly  well,  though  in  a 
broad  way,  the  various  climatic  regions  of  the  State,  and  for  many 
vears  to  come  no  other  substations  should  be  established. 
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THE   EXPERIMENT    PROJECTS   ON    HANS 

The  investigations  carried  on  by  the  Experiment  Station  are 
in  the  main  taken  up  under  certain  definite  projects.  In  these  pro- 
jects is  outlined  a  somewhat  detailed  plan  of  the  methods  to  be 
followed  in  answering  the  problems  presented.  With  the  experience 
of  the  years,  amendments  may  be  made  to  the  methods  of  work  and 
some  projects  may  be  divided  into  two  or  more.  An  important  part 
of  the  problem,  in  many  cases,  is  to  work  out  methods  of  carrying 
en  the  work  or  methods  to  measure  accurately  the  results.  With 
some  problems  years  of  work  have  been 'spent  on  this  point  alone. 

Every  year  in  all  the  departments  there  are  certain  questions 
coming  up  that  require  immediate  study  and  these  are  reported 
under  miscellaneous  observations.  These  agricultural  experimental 
studies  are  more  than  the  observations  of  certain  results.  Each 
experiment  has  to  be  carefully  planned  with  the  thought  of  adding 
something  to  our  knowledge  of  the  subject  under  investigation. 
Oareful,  complete,  and  accurate  records  of  the  observed  data  must 
be  made.  At  least  once  a  year  these  records  must  be  carefully 
tabulated  and  studied,  and  a  report  made  on  the  progress  to  date 
and  filed  in  the  director's  office. 

The  results  of  the  experiments  are  published  whenever  sufficient 
definite  and  reliable  information  is  received.  In  some  cases  this 
may  be  in  one  or  two  years,  but  in  others  it  may  take  ten  years  or 
more.  There  are  experiments  on  hand  in  both  laboratory  and  field 
that  have  run  for  five  to  eight  years.  In  certain  field,  soil,  and  ciop 
tests,  time  is  an  exceedingly  important  factor  in  determining  the 
results,  as,  like  the  weather  records,  much  of  the  data  is  valuable 
only  as  the  observations  of  many  years  become  available. 

The  following  list  gives  the  projects  on  hand  at  the  close  of 
the   year. 

AT    THE    EXPERIMENT    STATION,    BOZEMAN 

Wool  investigations:  a  study  of  the  effect  of  feeding,  manage- 
ment, etc.,  on  the  character  of  the  wool  fibre. 

Beef  production:  a  study  of  the  cost  of  raising  and  fattening 
beef  on  the  farm. 

Feeding  experiments  with  clover,  whether  cured  as  ensilage 
or  as  hay. 
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Feeding  value  of  clover  cut  at  various  stages  of  growth. 

Advantage  of  feeding  soiling  crops  to  dairy  cows. 

What  is  the  most  profitable  kind  and  amount  of  grain  to  feed 
to  dairy  cows,  with  a  basic  ration  of  ensilage  or  clover  or  alfalfa  hay? 

Effect  of  kinds  of  feed  and  management  on   sows  and   their 
litters. 

Effect  of  feeding  pigs  two,  three,  and  five  times  a  day. 

Value  of  milk  and  pasture  with  the  grain  ration  in  fattening  hogs. 

Value  of  soaked,  compared  with  unsoaked,  food  for  hogs. 

Value  of  clover  silage  in  beef  production. 

Effect  of  methods  of  soil  and  crop  management  on  the  moisture 
and  nitrates  of  the  soil.  (This  test  carried  out  on  the  dry  farm). 

Tests  of  various  crop  rotations. 

Variety  tests  of  grain  and  forage  crops.  (Nearly  all  kinds  of 
grain  and  forage  crops  adapted  to  this  locality  are  grown). 

Alfalfa  tests.   (Many  varieties  are  under  observation.) 

What  is  the  best  time  in  the  spring  or  fall  to  seed  different 
kinds  of  grain? 

What  ratio  of  seeding  for  various  kinds  of  grain  gives  the 
largest  crops? 

Irrigation  tests:  amount  of  water  and  time  applied  to  get  the 
best  crop. 

Cooperative  grain  tests :  to  study  the  effect  on  the  crop  of  using 
seed  grain  produced  in  other  states  under  different  climatic  con- 
ditions. 

Tests  of  variation  in  soil  of  a  field  used  for  grain  tests  and  how 
to  get  correct  comparisons  from  such  varying  soil. 

Tank  experiments  on  duty  of  water  and  evaporation  losses  from 
soils  in  Montana. 

Effect  of  deep  tillage  on  the  dry  land. 

Effect  of  deep  tillage  on  the  irrigated  land. 

Test  of  single  and  double  disk  drills. 

Correlation   studies  with  plants. 

Relation  of  water  losses  from  soil  in  tanks  to  dry  weight  of 
crop  grown  on  such  soil. 

Effect  of  applying  water  at  different  times  to  crops. 
Effect  of  phosphorus  fertilizer  on  grain  yields. 
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The  life  history  and  methods  of  controlling  insect  pests  affecting 
the  sugar  beet. 

Bark  and  wood  diseases  of  apple  trees. 

The  effect  of  arsenic  on  vegetation. 

Methods  of  controlling  the  oyster-shell  scale. 

Insect  survey  of  Montana. 

The  Rocky  Mountain  spotted  fever  tick:     its  life  history  and 
methods  of  control. 

The  little  potato  disease:     its  cause  and  prevention. 

Fungus  disease  of  the  plum :    its  cause  and  control. 

Incubation  of  eggs :    a  study  of  the  conditions  necessary  to  the 
successful  hatching  of  chicks  under  the  hen  or  in  the  incubator. 

Chemical  study  of  the  composition. of  clover  cut  at  various  stages 
of  growth. 

Chemical  study  of  the  changes  taking  place  in  clover  silage. 

Study  of  Montana's  infertile   soils. 

Study  on  poultry    feeding    and    management    under    Montana 
conditions. 

The  effect  of  hopper  as  compared  with  litter  feeding  of  poultry. 

Tests  of  varieties  of  small  fruits. 

Tests  of  varieties  of  vegetables. 

Tests  of  ornamental  trees  and  shrubs. 

Tests  of  tree  fruits. 

Studies  on  the  healing  of  pruning  wounds. 

Studies  on  the  results  of  thinning  apples. 

Varieties  and  cultural  tests  with  potatoes. 

Studies  on  contagious  abortion  among  cattle 

The  effect  of  feeding  milk  treated  with  formalin  to  calves. 

The  cause  and  methods  of  transmission  of  infectious  anemia 
in  horses. 

Studies  on  Hog  Cholera. 

AT  THE  dry-farm:  SUBSTATION,  FERGUS  COUNTY 

Test  of  grain  varieties  on  the  dry  farm. 

Tests  of  effects  of  methods  of  cultivation  on  crop  yield  on  the 
dry  farm. 

Experiments  with  different  rotations  adapted  to  the  dry  farm. 
Effect  of  subsoiling  by  dynamite  on  the  dry  farm. 
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AT    THE    HUNTLEY    SUBSTATION 

Forage  crop  studies  under  irrigation. 
Grain   investigations   under   irrigation. 
Growing  flax  under  irrigation. 
Dry  farm  rotation  studies. 

AT    HORTICULTURAL    SUBSTATION 

Variety  tests  of  commercial  fruits. 
Orchard  cultural  tests. 

PXXBLICATIGNS  OF   THE  YEAB 

Bulletin  No.  93.  "Fergus  County  Substation  Report  on  the 
Work  and  Plans,"  by  John  M.  Stephens,  superintendent  of  Substation. 
This  bulletin  was  prepared  to  give  a  somewhat  comprehensive  state- 
ment of  the  work  undertaken  and  carried  on  at  this  station,  rather 
than  to  give  any  special  conclusions  on  the  results  of  the  work. 

Bulletin  No.  94.  "Clover  and  Corn  Silage  as  Feed  for  Dairy 
Cows,"  by  Prof.  R.  W.  Clark.  This  bulletin  records  the  results  of 
four  experiments  in  feeding  clover  and  corn  silage  as  compared  with 
clover  hay  as  a  feed  for  cows. 

Bulletin  No.  95.  "Horse  Feeding  Experiments,"  by  Prof.  R.  W. 
Clark.  This  is  a  record  of  test  showing  the  advantage  of  feeding 
a  limited  hay  ration  to  work'  horses. 

Bulletin  No.  96.  "A  Contribution  to  Our  Knowledge  of  Apple 
Scab,"  by  H.  E.  Morris.  This  is  a  history  of  the  spread  of  this 
disease  in  Montana,  a  discussion  of  its  characteristics  and  methods 
of  control.  A  bibliography  of  publications  dealing  with  the  disease 
is  also  given.     One  colored  plate. 

Bulletin  No.  97.  "Farm  Management  in  the  Gallatin  Valley," 
by  E.  L.  Currier.  This  is  a  report  of  farm  management  studies 
made  in  the  Gallatin  Valley  during  the  summer  of  1913.  The  returns 
from  some  fifty  farms  in  one  township  are  tabulated  and  discussed. 

Bulletin  No.  98.  "Eleventh  Annual  Report  of  the  State  Ento- 
mologist," by  Prof.  R.  A.  Cooley.  This  is  a  report  on  the  new 
insects  observed  during  the  year,  and  comments  on  others  that  have 
been  troublesome  in  various  parts  of  the  State. 

"The  Twentieth  Annual  Report"  of  the  Experiment  Station. 
This  report  sums  up  the  growth  of  the  Montana  Experiment  Station 
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for  the  first  twenty  years  of  its  work.  A  complete  list  of  the  bulletins 
and  circulars  published  to  date  is  given,  also  a  list  of  the  projects 
at  present  on  hand. 

Circular  27.  "Cooperation  for  Better  Farming,"  by  Prof.  F.  S. 
Cooley,  suggests  a  plan  for  farm  cooperation. 

Circular  28.  "The  Imported  Cabbage  Worm  and  the  Cabbage 
Aphis,"  by  J.  R.  Parker,  gives  a  description  of  these  cabbage  pests 
and  methods  for  their  control.    Twelve  illustrations. 

Circular  29.  "Irrigation  Practice  in  Montana,"  'oy  H.  B.  Bone- 
bright,  deals  with  methods  of  leveling  land,  with  lunning  ditches, 
and  with  spreading  irrigation  water  over  the  land.  Thirty-two 
illustrations. 

Circular  30.  "The  State  Grain  Laboratory  and  the  Montana 
Seed  Laws,"  by  Prof.  A.  Atkinson  and  B.  W.  Whitlock,  gives  a 
copy  of  the  laws  establishing  the  laboratory,  defines  its  work,  and 
gives  rules  and  regulations  governing  the  labeling  of  seed  and  grain 
samples  to  be  tested  at  the  grain  laboratory. 

Circular  31.  "Care  and  Management  of  Sheep  on  the  Farm," 
by  R.  F.  Miller.  This  was  prepared  to  help  Montana  farmers  in 
the  care  of  their  home  flocks. 

Circular  32.  "Farm  Butter-Making  and  the  Creamery  Industry 
in  Montana,"  by  R.  C.  Jones.  Methods  are  outlined  for  the  making 
of  good  butter  on  the  farm  and  plans  given  on  how  to  organize 
and  build  a  community  creamery.     Twenty  illustrations. 

Circular  33.  "Hog  Cholera  in  Montana,"  by  Dr.  W.  J.  Taylor, 
describes  the  symptoms  of  this  disease  and  the  methods  recommended 
for  its  control.     Seven  illustrations. 

Circular  34.  "Artificial  Hatching  of  Chicks,"  by  Prof.  W.  F. 
Schoppe,  gives  some  of  the  more  essential  points  to  be  considered 
in  selecting  and  operating  an  incubator  for  hatching  chicks.  Five 
illustrations. 

Circular  35.  "The  Alfalfa  Weevil,"  by  Prof.  R.  A.  Cooley,  calls 
attention  to  this  serious  pest  occurring  in  neighboring  states  and 
warns  the  Montana  farmer  to  be  on  the  lookout  against  its  intro- 
duction.    Nine  illustrations. 

Circular  36.  Fungicides  and  Insecticides,"  by  H.  E.  Morris  and 
J.  R.  Parker,  gives  directions  for  the  preparation  and  use  of  various 
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fungicides  and  insecticides  in  controlling  plant  diseases  and  insect 
pests  of  the  farm  and  orchard.     Four  illustrations. 

Circular  37.  "Fruit  Diseases  in  Montana,"  by  Prof.  Deane  B. 
Swingle,  presents  a  full  discussion  of  the  diseases  affecting  fruit  in 
vaiious  parts  of  the  State  and  gives  methods  for  prevention  or 
control.    One  colored  plate,  21  illustrations. 

Six  bulletins,  fifteen  circulars  and  the  twentieth  annual  report 
make  up  the  publications  of  the  year.  The  following  table  gives 
some  facts  about  these  publications: 


BULLETINS 

No. 

Edition 

Pages 

Total  pages 

93 

7,000 

32 

234,000 

94 

13,000 

22 

286,000 

95 

13,000 

10 

130,000 

96 

5,000 

38 

190,000 

97 

14,000 

18 

152,000 

98 

6,000 

20 

120,000 

20th  Annual  Report 

15,000 

48 

720,000 

Total 

..72,000 

188 

1,832,000 

CIRCULARS 

No. 

Edition 

Pages 

Total  pages 

27 

3,000 

8 

24,000 

28 

14,000 

16 

284,000 

29 

12,000 

48 

576,000 

30 

12,000 

16 

192,000 

31 

12,000 

24 

288,000 

32 

12,000 

40 

480,000 

33 

12,000 

16 

192,000 

34 

12,000 

22 

264,000 

35 

12.000 

16 

192.000 

36 

12,000 

56 

672,000 

37 

6,000 

68 

408,000 

Special  1 

3,000 

9 

27,000 

Special  2 

8,000 

23 

184,000 

Total 

.130,000 

362 

3,783,000 
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Special  Circular  1  gives  a  list  of  the  recognized  breeds  of  pure- 
bred live  stock  in  the  country,  for  the  information  of  the  assessors 
of  the  State. 

Special  Circular  2  gives  a  list  of  the  breeders  of  pure-bred  live 
stock  in  Montana,  as  gathered  by  the  county  assessors. 

Extension  leaflets.  To  answer  as  comprehensively  as  possible 
the  many  inquiries  for  information  coming  to  the  Station,  a  large 
number  of  leaflets  have  been  prepared.  These  are  not  sent  to  any 
regular  mailing  list,  but  only  in  answer  to  letters  of  inquiry.  A 
limited  edition  only  is  printed,  1,000  to  2,000  copies.  The  following 
is  a  list  of  topics.  Instructions  for  sending  Insect  Pests  and  Diseased 
Plants  to  the  Experiment  Station;  Clothes  Moths;  Oyster-Shell 
Scale;  Cabbage  Worms  and  Lice;  The  Pea- Weevil,  a  Warning; 
Grasshopper  Control;  The  Alfalfa  Leaf  Weevil,  a  Warning;  Ants; 
Poultry  Lice  and  Mites;  The  Green  Apple  Aphis;  The  Colorado 
Potato  Beetle ;  Treatment  of  Seed  for  Grain  Smuts ;  Potato  Diseases ; 
Apple  Scab;  Crown  Gall;  Canada  Thistle;  The  Weed  Problem; 
Alfalfa  Dodders;  The  Wild  Mustards;  The  Preparation  of  Insect- 
icides and  Fungicides;  and  The  Dry-Farm  Seed  Bed. 

OOMPLETE    LIST    OF    STATION    PTJBLIOATIONS    FROM 
OBOANIZATION   OF    STATION   IN   1893 

The  bulletins  and  circulars  marked*  are  out  of  print.  Those 
not  so  marked  are  yet  available  for  distribution  and  will  be  sent  to 
any  person  who  applies,  as  long  as  the  supply  lasts. 

BULLETINS 

No, 

1.  Organization — Announcements. 

♦2.  Smuts  of  Wheat,  Oats  and  Barley. 

*3.  Pig  Feeding. 

*4.  Glanders. 

*6.  First  Annual  Report — Crop  Statistics  of  Gallatin  County. 

*6.  Measurement  of  Water. 

*7.  Small  Grains  and  Potatoes. 

*8.  Second  Annual  Report — Crop  Statistics  of  Gallatin  County, 

Parasitic  Icero — Herimaturia  of  Sheep. 

*9.  Potatoes. 
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*10.  Small  Grains;  Wheat,  Oats,  Barley. 

*11.  Devices   for  Obtaining  a   Constant   Flow   in   Laterals   with 

Variable  Heads  in  the  Main  Canals  or  Reservoirs. 

*12.  Third  Annual  Report — Spaying  of  Mares. 

*^13.  Drinking  Water. 

*14.  Montana  Swine  Feeding. 

"^15.  Larkspur  Poisoning  of  Sheep. 

*16.  Fourth  Annual  Report. 

*17.  The  Grain  Aphis — ^An  Army  Cut  Worm. 

18.  The  Alkali  Soils  of  Montana. 

19.  The  Sugar  Beet  in  Montana. 
*20.  Fifth  Annual  Report. 

*21.  Sheep  Feeding. 

♦22.  Thirteen  Botanical  Subjects. 

*23.  Injurious  Fruit  Insects;  Insecticides;  Insecticide  Apparatus. 

*24.  Sixth  Annual  Report. 

*25.  Paris  Green  and  London  Purple. 

♦26.  Poultry  Raising. 

*27.  Live  Stock  Feeding  Tests;  Beef  Cattle,  Lambs,  and  Swine. 

♦28.  Seventh  Annual  Report. 

*29.  Quality  of  Water  Used  in  Irrigation. 

*30.  Weeds  in  Montana. 

*31.  Report  of  Grazing  and  Feeding  Tests;  Beef  Cattle  and  Lambs. 

32.  Eighth  Annual  Report. 

33.  Sugar  Beets  in  Montana. 
*34.  Farmers'  Weirs. 

35.  Report  of  Feeding  Tests. 

*36.  Forage  Conditions  in  Montana. 

*37.  Pork  Production  in  Montana. 

*38.  Food  Adulterations. 

*39.  Sheep  Feeding  in. Montana. 

*40.  Root  Crops  in  Montana. 

♦41.  Sugar  Beets  (1902). 

42.  The  Codling  Moth. 
Ninth  Annual  Report 
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LIST   OF   STATION   PUBLICATIONS    (Continued) 
No. 

*43.  Duty  of  Water. 

*44.  Apple  Growing  in  Montana. 

45.  Loco  and  Some  Other  Poisonous  Plants  in  Montana. 

46.  Two  Insect  Pests. 
*47.  Sheep  Feeding. 

*48.     Steer  Feeding.  • 

*49.    Contagious  Abortion  in  Montana. 

*50.     Poultry  Management  and  Poultry  Diseases. 

*51.     First  Annual  Report  of  the  State  Entomologist, 

Tenth  Annual  Report. 
*52.     Sugar  Beets. 

*[?3.     Creameries  and  Cheese  Factories. 

'''54.     The  Alkali  Soils  of  Montana.  ' 

*55.     Second  Annual  Report  of  the  State  Entomologist. 

Eleventh  Annual  Report. 
""SG.     Native  Economic  Plants  of  Montana. 
*57.     Feeding  Pigs. 
oS.     Fattening  Cattle. 
59.     Sheep  Feeding. 
*60.     Onion  Culture, 
"^'ei.     Food  Adulterations. 
*62.     Third  Annual  Report  of  the  State  Entomologist. 

Twelfth  Annual  Report. 
*63.     Dry  Farming  in  Montana. 

'''64.     Fourth  Annual  Report  of  the  State  Entomologist. 
*65.     Seepage  and  Drainage. 
^^66.     Orchard  Survey  in  the  Bitter  Root  Valley. 

Thirteenth  Annual  Report. 
*'^1.     Practical  Beekeeping. 
*68.     Canadian  Field  Peas. 
*69.     The  Effect  of  Alkali  on  Portland  Cement. 
*70.     The  Douglas  Fir  Cone  Moth. 
71.     The  Fifth  Annual  Report  of  the  State  Entomologist. 

Fourteenth  Annual  Report. 
*T2.     Measurement  of  Water. 
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LIST   OP    STATION    PUBLICATIONS    (Continued) 
No. 

*73.     Pig  Feeding  Experiments. 

*74.     Dry  Farming  Investigations  in  Montana. 

*76.    The  Sixth  Annual  Report  of  the  State  Entomolijgrist. 

*76.    Seepage  and  Drainage. 

Fifteenth  Annual  Report. 
*77.     Fruit  Tree  Planting  in  Montana. 
"78.    Steer  Feeding  Experiments. 
♦79.     The  Seventh  Annual  Report  of  the  State  Entomologist. 

Sixteenth  Annual  Report. 

80.  Ornamental  Trees  and  Shrubs  for  Montana. 

81.  Destruction  of  Hydraulic  Cements  by  the  Action  of  Alkali 
Salts. 

82.  Eighth  Annual  Report  of  the  State  Entomologist. 

83.  Dry  Farming  Investigations  in  Montana. 

*84.    Grain  Investigations  with  Wheat.  Oats  and  Rarley. 

Seventeenth  Annual  Report. 
*S5.     Tick  Control  in  Relation  to  the  Rocky  Mountain  Spotted  Fever. 
*86.    The  Use  of  Soap  to  Retard  the  Settling  of  Certain  Arsenicals. 

87.  Dry  Farm  Moisture  Studies. 

88.  Ninth  Annual  Report  of  the  State  Entomologist. 
Eighteenth  Annual  Report. 

*89.     Experiments  with  Pigs. 

90.  Use  of  Carbolic  Acid  for  Prevention  of  Contagious  Abortion 

91.  Winter  Injury  to  Fruit  Buds  of  Apple  and  Pear. 

92.  Tenth  Annual  Report  of  the  State  Entomologist. 
Nineteenth  Annual  Report. 

93.  Fergus  County  Substation. 

94.  Clover  and  Corn  Silage  as  Feeds  for  Dairy  Cows. 

95.  Horse  Feeding  Experiments. 

96.  A  Contribution  to  Our  Knowledge  of  Apple  Scab. 

97.  Farm  Management  in  the  Gallatin  Valley. 

98.  Eleventh  Annual  Report  of  the  State  Entomologist. 
Twentieth  Annual  Report. 
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*1.  Home  Cheesemaking. 

2.  The  Pear  and  Apple  Blight  in  Montana. 
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4.  The  Army  Cutworm.  '^ 

5.  Alfalfa  Management  in  Montana. 

6.  Flax  Growing  in  Montana. 

7.  Preliminary  Report  on  the  Anaylses  of  Montana  Waters. 
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9.  Poultry  Houses. 

10.  Dairying  in  Montana. 
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12.  A  Warning  Against  Fan  Weed. 

13.  Hog  Management  in  Montana. 
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*15.  Flax  Growing  in  Montana. 

16.  The  Pear-Leaf  Blister-Mite. 

17.  A  Spraying  Program  for  Montana  Orchards. 

18.  Chick  Feeding. 

♦19.  Suggestions  to  the  Dry  Farmer. 

20.  Control  of  Prairie  Dogs  and  Ground  Squirrels. 

21.  The  Roller  or  Packer. 

22.  Cropping  to  Flax  on  New  Lands  of  Semi-Arid  Land  Areas. 
*23.  Creamery  Organization  and  Management. 

24.  The  Measurement  of  Water. 

25.  Cabbage  and  Cauliflower  in  Montana. 

26.  Celery  Culture  in  Montana. 

27.  Cooperation  for  Better  Farming. 

28.  Cabbage  Worms  and   Cabbage  Aphis. 

29.  Irrigation   Practice   in   Montana. 
*30.  Grain  Laboratory. 

31.  Care  and  Management  of  Sheep  on  the  Farm. 

32.  Farm  Butter-Making — Creamery  Industry  in  Montana. 

33.  Hog  Cholera  in  Montana. 
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34.  Artificial  Hatching  of  Chicks. 

35.  Alfalfa  Weevil. 

36.  Fungicides  and  Insecticides. 

37.  Fruit  Diseases  in  Montana. 

Special  Circular  1.    The  Breeds  of  Pure  Bred  Live  Stock. 
Special  Circular  2.    A  List  of  Breeders  of  Pure  Bred  Live  Stock  in 
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SUHMABT   FOB    THE   TEAB    1913 

Highest  temperature 89  degrees  July  6th  and  Aug.  25th 

Lowest  temperature -19  degrees,  February  7th 

Greatest  range 108  degrees 

Highest  monthly  mean 64.39  degrees  August 

Lowest  monthly  mean 13.9  degrees  February 

Highest  daily  mean 76  degrees  August  25th 

Lowest  daily  mean -9.5  February  7th 

Mean  temperature  for  the  year 40.07 

Greatest  total  precipitation  for  one  month 3.15,  October 

Lowest  total  precipitation  for  one  month 15,  December 

Total  rainfall 18.59  inches 

First  killing  frost September  23rd 

Last  killing  frost July  14th 

Number  of  clear  days  in  year 140 

Number  of  partly  clear  days  in  year 106 

Number  of  cloudy  days  in  year 119 

Days  with  .01  inch  or  more  precipitation 104 
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NOTICE. — ^The  Bulletins  of  the  Experiment  Station  will  be  mailed  free  te 

any  citizen  of  Montana  on  request.  Please  state  whether  all  the  publications 
are  desired  as  issued  or  only  those  specified.  Give  name  and  address  plainly. 
All  communications  to  the  Experiment  Sts.tion  should  be  addressed  to 

THE   MONTANA   EXPERIMENT   STATION, 

Bozemaa,   Montana. 
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LETTER  OF  TRANSMITTAL 

Bozeman,  Montana,  January  31,  1915. 

To  His  Excellency,   Samuel  V.   Stewart, 

Governor  of  Montana. 

Dear  Sir: 

In  accordance  with  the  Congressional  Acts  of  March  2,  1887, 
and  March  16,  1906,  I  have  the  honor  to  transmit  herewith  the 
Twenty-First  Annual  Report  of  the  Montana  Experiment  Station. 
The  financial  statement  is  for  the  year  ending  June  30,  1914,  the 
results  of  investigations  of  the  several  departments  are  reported 
to  the  end  of  the  state  year,  November  30,  1914. 

Very  respectfully, 

F.  B.  LINFIELD,  Director. 


REPORT  OF  THE  TREASURER 


The  Experiment  Station  of  the  Agricultural  College  of  the 
State  of  Montana  in  account  with  the  United  States  appropriations 
1913-1914. 

Dr. 

Hatch  Fund  Adams  Fund 
To  receipts  from  the  Treasurer  of  the 
United  States,  as  per  appropriations 
for  the  fiscal  year  ended  June  30, 
1914,  under  acts  of  Congress  approved 
March   2,   1887    (Hatch   Fund),   and 

March  16,  1906  (Adams  Fund) $15,000.00  $15,000.00 

Cr. 

By  salaries  $10,211.66  $12,170.10 

Labor 1,272.53  1 ,1 97.86 

Publications  995.22  

Postage  and  stationery 796.41  71.24 

Freight  and  express 115.43  96.54 

Heat,  light,  water  and  power 28.90  5.47 

Chemical  supplies 79.64  235.78 

Seeds,  plants  and  sundry  supplies 432.59  130.84 

Fertilizers 

Feeding  stuffs  85.28  143.00 

Library  55.22  9.50 

Tools,  implements  and  machinery 141.97  24.75 

Furniture  and  fixtures 328.20  63.80 

Scientific  apparatus  79.26  399.82 

Live  stock  137.00  125.00 

Traveling  expenses  134.10  326.30 

Contingent  expenses  20.00  

Buildings  and  land 87.59  

Balance  

Total $15,000.00  $1 5,000.00 


We,  the  undersigned,  duly  appointed  auditors  of  the  corporation, 
do  hereby  certify  that  we  have  examined  the  books  and  accounts 
of  the  Experiment  Station  of  the  Agricultural  College  of  the  State 
of  Montana,  for  the  fiscal  year  ending  June  30,  1914;  that  we  have 
found  the  same  well  kept  and  classified  as  above,  and  that  the 
receipts  for  the  year  from  the  treasurer  of  the  United  States  are 
shown  to  have  been  $15,000.00  under  the  act  of  Congress  of  March 
2,  1887,  and  $15,000.00  under  act  of  Congress  of  March  16,  1906, 
and  the  corresponding  disbursements  $15,000.00  and  $15,000.00,  for 
all  of  which  proper  vouchers  are  on  file  and  have  been  by  us 
examined  and  found  correct,  thus  leaving  no  balance. 

And  we  further  certify  that  the  expenditures  have  been  solely 
lor  the  purposes  set  forth  in  the  acts  of  Congress  approved  March 
2,  1887,  and  March  16,  1906,  and  in  accordance  with  the  terms  of 
said  acts. 

Respectfully, 

Signed :  J.  H.  BAKER, 

J.  F.  BLAIR, 

Auditors 
Attest:    G.  R.  CALLAWAY,  Custodian. 


EXPERIMENT    STATION    MISCELLANEOUS   FUND 


Dr.  e; 

To    receipts    from    other    sources    than 

the     United     States    for     the     year 

ended  June  30,  1914 $31,342.03 

Cr. 
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Heat,  light,  water,  power>......  ^.......... 

Chemical  supplies 

Seeds,  plants  and  sundry  supplies..^^ 
•C  oa  uxisers  .«»»«»««■.■»»»■■■■»«..»...»..■..«.■.«»»««».».»»»«« 
Feeding  stuffs  ..^......«.......~........^...~....... 

Tools,  implements  and  machinery 3,466.40 

Furniture  and  fixtures .^ ..... 

Apparatus  ...•...........^.................«. 

Traveling  expenses  ..^ ..i 

Contingent  expenses  

Buildings  and  land 


State 

Farm. 

ppropriation 

products 

Total 

$31,342.03 

$6,111.05 

$37,453.08 

10,468.75 

10,468.75 

8,618.04 

2,659.55 

11,277.59 

74.30 

766.26 

840.56 

482.68 

55.95 

538.63 

329.31 

46.53 

375.84 

101.92 

189.25 

29ia7 

67.78 

416.00 

483.78 

2,347.27 

579.78 

2,927.05 

165.00 

23.95 

188.95 

1.50 

9.50 

11.00 

3,466.40 

543.10 

4,009.50 

297.98 

6.50 

304.48 

294.27 

56.50 

350.77 

110.00 

135.00 

245.00 

3,664.62 

324.13 

3,988.75 

117.25 

120.00 

237.25 

734.96 

179.05 

914.01 

Total 
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$6,111.05  $37,453.08 


Report  of  the  Director 

During  the  past  year  the  climate  in  most  parts  of  the  State  was 
quite  favorable  to  crop  growth  in  the  spring  but  later  became  very 
dry  and  warm.  As  the  water  supply  was  abundant,  crops  on  the 
irrigated  farms  yielded  well.  On  the  dry  lands,  however,  the  dry, 
hot  weather  reduced  the  crops  considerably  and  in  a  few  sections 
cjuite  seriously.  The  observations  of  the  year  clearly  demonstrate 
the  importance  of  right  methods  of  agricultural  practice  on  the  dry- 
land farm  and  the  necessity  of  growing  crops  adapted  to  the  district 
and  to  this  type  of  farming.  The  season  also  pointed  out  some  new 
lines  of  work  which  the  station  must  emphasize  in  the  future. 

The  agricultural  development  of  the  State  is  going  forward 
rapidly.  Large  numbers  of  people  are  yet  coming  to  Montana  to 
find  a  home  on  the  land,  and  those  already  here  are  rapidly  plowing 
up  the  prairie  sod  and  expanding  their  farming  operations.  This  exten- 
sion of  the  farming  area  continues  to  bring  to  the  experiment  station 
many  new  problems  from  every  phase  of  agriculture.  Important 
as  many  of  these  problems  are  to  the  largest  success  of  many  of  the 
farmers,  it  is  impossible  to  undertake  them  all;  the  proper  solution 
of  those  now  on  hand  will  require  several  years.  Neither  funds  nor 
men  are  available  to  push  the  work  more  rapidly. 

To  a  large  extent  the  work  of  the  year  has  been  a  continuation 
of  that  of  the  previous  years.  Most  of  the  work  is  progressing  sat- 
isfactorily and  our  knowledge  of  the  principles  underlying  the  best 
agricultural  practice  in  the  State  is  being  added  to  substantially. 
Some  of  these  results  are  called  attention  to  in  the  report  of  the 
work  of  the  departments.  Probably  the  most  conspicuous  result 
of  the  studies  conducted,  from  the  standpoint  of  our  farmers,  is  the 
large  success  obtained  with  corn  in  many  parts  of  the  State.  During 
the  year  the  station  published  its  first  corn  circular,  and  a  compre- 
hensive report  of  the  corn  studies  will  be  issued  early  in  the  coming 
year. 

AOBI0UI.TUSAL  EXTENSION 

During  the  year  the  division  of  agricultural  extension  was  fully 
organized  with  a  staff  of  eleven  workers  and  a  director  of  extension 
in  charge.  This  position  is  filled  by  Prof.  F.  S.  Cooley  who  for 
some  years  has  been  superintendent  of  farmers'  institutes.     With 
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the  increase  in  funds  coming  from  the  Federal,  State,  and  county 
sources,  this  division  will  soon  be  in  a  position  to  give  large  service 
to  the  State. 

Several  lines  of  work  have  been  taken  up.  Six  county  agricul- 
turists have  been  appointed  and  a  state  leader  placed  in  charge  of 
the  group.  There  is  need  for  very  large  expansion  in  this  phase 
of  the  work.  A  state  worker  in  home  economics  has  been  employed 
but  the  requests  for  movable  schools  and  public  meetings  on  this 
subject  have  been  beyond  our  ability  to  meet.  Several  assistants 
will  soon  be  needed  in  this  branch  of  the  extension  work.  Specialists 
on  live  stock,  dairying,  and  farm  efficiency  have  also  been  engaged 
who  will  give  their  time  to  aiding  county  agriculturists  or  to  serving 
farming  communities  in  all  parts  of  the  State  so  far  as  time  and 
means  will  permit.  Another  important  branch  of  the  work  is  the 
organization  of  boys'  and  girls'  industrial  clubs,  the  purpose  being 
to  interest  the  young  people  in  the  work  of  the  farm  and  the  home. 
A  specialist  has  been  engaged  who  gives  all  her  time  to  this  work. 

As  funds  increase,  this  division  will  add  to  its  working  force 
and  undertake  other  lines  of  service.  There  is  need  for  the  systematic 
encouragement  of  agriculture  and  home  economics  in  the  public 
schools  and  plans  should  be  made  to  provide  special  instruction  in 
these  subjects  for  the  teachers.  Another  demand  that  is  coming 
is  for  correspondence  courses  in  agriculture  and  the  related  sciences. 

The  experiment  station  is  at  present  publishing  a  series  of 
circulars  giving  general  information  on  a  great  variety  of  agricultural 
topics.  These  are  prepared  in  the  light  of  our  experiments  and 
from  the  observations  and  experiences  of  the  men  in  the  various 
departments.  As  soon  as  possible  this  series  should  be  taken  over 
by  the  extension  division,  as  should  also  the  greater  part  of  the 
correspondence  with  all  sections  of  the  State,  which  numbers 
thousands  of  letters  during  the  year,  asking  for  information  on 
many  different  agricultural  topics.  For  some  departments  of  the 
experiment  station  this  correspondence  has  grown  so  large  as  to 
seriously  interfere  with  the  experimental  work.  These  letters  should 
have  prompt  and  correct  answers  and  this  is  a  legitimate  part  of 
the  extension  service. 

THE  STATION  STAFF 

There  have  been  a  few  changes  in  the  station  staff  during  the 
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year.  Mr.  R.  F.  Miller,  assistant  in  animal  husbandry,  resigned  in 
September  to  accept  a  more  promising  position  in  California;  he 
was  succeeded  by  Mr.  R.  R.  Dodderidge,  a  graduate  of  Kansas 
Agricultural  College.  Prof.  P.  N.  Flint,  head  of  the  animal  hus- 
bandry department,  resigned  at  the  end  of  October,  1914,  because 
of  ill  health.  No  one  has  yet  been  selected  to  fill  this  place.  Mr. 
L.  G.  Schermerhorn,  assistant  horticulturist,  resigned  on  October 
Jst  to  accept  a  better  position  in  New  Jersey;  Mr.  C.  C.  Starring, 
a  graduate  of  Oregon  Agricultural  College,  was  engaged  to  succeed 
him  and  began  his  work  on  January  1,  1915.  Prof.  H.  E.  Murdock, 
who  was  working  in  Colorado  for  the  Irrigation  Division  of  the 
U.  S.  Department  of  Agriculture,  was  engaged  as  agricultural 
engineer  and  commenced  his  work  September  1,  1914.  Mr.  E.  J. 
Quinn,  a  graduate  of  Notre  Dame  University,  was  engaged  as  assist- 
ant chemist  in  place  of  Mr.  H.  H.  Morris,  resigned,  and  started 
work  May  1,  1914. 

VrOBK  OF   THE  DEPABTMENTS 

All  the  departments  of  the  station  have  had  a  successful  year. 
The  work  in  all  directions  is  growing  rapidly,  and  valuable  data 
have  been  gathered  of  great  value  to  Montana  agriculture.  Some 
of  the  results  of  the  season's  work  are  presented  here  in  the  reports 
of  the  different  departments. 

BIOLOGY   DEPARTMENT 

In  the  biology  department  is  embraced  all  the  work  in  botany 
and  zoology.  While  many  other  questions  are  referred  to  the  men 
in  this  department,  their  attention  is  mainly  given  to  the  control  of 
crop  diseases  and  pests.  To  the  zoologist  and  entomologist  are 
refered  questions  regarding  insects,  birds  and  mammals,  and  to  the 
botanist  and  bacteriologist,  the  control  of  diseases. 

Entomology. — The  work  of  the  entomologists  is  to  study  the 
life  history  and  devise  methods  of  controlling  the  insects  that 
attack  the  farmer's  crops.  The  results  of  the  year's  work  are 
herewith  briefly  summarized. 

The  alfalfa  weevil  has  not  yet  been  found  in  the  alfalfa  fields  of 
the  State  but  efforts  have  been  continued  to  prevent  its  introduction, 
in  this  the  department  has  cooperated  with  the  State  Board  of 
Horticulture,  which  has  given  especial  attention  to  enforcing  the 
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quarantine  established  to  prevent  the  introduction  of  this  insect. 

The  sugar-beet  root-louse  has  received  extended  attention 
during  the  year.  Experiments  on  the  influence  of  soil  moisture  on 
the  control  of  this  insect  indicate  that  the  presence  of  a  fair  amount 
of  moisture  in  the  soil,  added  by  irrigation,  reduces  the  number  of 
insects  and  at  the  same  time  benefits  the  crop  by  increasing  the 
yield  and  the  sugar  content.  Other  important  studies  have  been 
made  on  the  life  history  and  hosts  of  this  insect. 

Other  plant  lice  or  aphids  more  or  less  closely  related  to  the 
sugar-beet  root-louse  and  of  importance  in  agriculture  have  received 
attention  from  the  entomologists  and  valuable  information  has  been 
secured. 

The  oyster-shell  scale  was  studied  in  the  laboratory  and  the  life 
history  as  worked  out  last  year  was  reviewed  for  the  purpose  of 
checking  previous  observations.  Attention  was  also  given  to  the 
geographical  distribution  of  the  species  and  to  the  number  of  broods 
in  the  different  localities  in  the  range  of  its  distribution. 

Mosquitoes  are  abundant  and  troublesome  in  parts  of  the  State, 
at  times  seriously  interfering  with  farm  operations.  A  number  of 
communities  have  made  requests  for  assistance  and  the  entomologist 
has  undertaken  to  gather  the  necessary  information  and  to  lay  out 
a  plan  of  control. 

The  general  and  miscellaneous  work  done  in  the  biology  depart- 
ment is  rapidly  increasing  year  by  year.  Many  more  letters  calling 
attention  to  outbreaks  of  insect  pests  are  received  than  formerly. 
Many  of  these  require  some  investigation  before  recommendations 
can  be  made.  Others  demand  extensive  study,  and  it  is  often  neces- 
rary  to  go  to  the  locality  and  make  observations  and  get  material. 
Several  such  studies  are  now  in  progress.  One  bulletin  and  one 
circular  were  prepared  by  the  entomologist  during  the  year. 

Botany  and  Bacteriology. — Several  lines  of  work  are  carried  on 
by  this  branch  of  the  biology  department,  two  of  them  under  the 
Adams  fund  and  the  others  under  Hatch  and  State. funds. 

The  arsenical  work,  to  determine  the  effects  of  arsenical  com- 
pounds on  vegetation,  has  received  the  most  attention.  The  injurious 
effects  of  arsenicals  when  sprayed  upon  foliage  have  been  quite 
thoroughly  studied.  Many  different  arsenicals  have  been  tested, 
^oth   alone   and   with   other   compounds.     Among   the    interesting 
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observations  are  the  following:  Arsenic  trioxide  is  much  less 
injurious  than  is  commonly  supposed,  provided  it  is  applied  as  soon 
as  mixed  with  water.  The  injuriousness  of  most  arsenicals  is  some- 
what increased  by  adding  soap,  but  Paris  green  is  made  less  injurious. 
Calcium  arsenite  is  made  less  injurious  by  lime-sulphur.  Humidity 
appears  to  be  a  great  factor  in  favoring  the  injury  and  temperature 
is  a  minor  factor.  The  spraying  work  has  been  nearly  hnished  and 
more  attention  will  be  given  next  year  to  other  phases  of  the  work. 

Among  the  bark  diseases  of  apple  the  collar  rot  has  been  quite 
destructive  this  year  but  not  so  bad  as  last.  It  does  not  appear 
to  be  extending  rapidly  into  new  territory. 

Potato  diseases  seem  with  further  study  to  be  even  more  import- 
ant in  Montana  than  we  had  supposed.  If  additional  species  of 
Fusarium  causing  these  diseases  continue  to  be  found  at  the  same 
rate  as  this  year,  Montana  will  soon  become  seriously  affected  with 
root  diseases  and  dry  rots. 

Alfalfa  canker,  a  bacterial  disease  that  the  State  was  thought  to 
be  free  from,  was  found  well  established  near  Two  Dot. 

A  root  disease  of  alfalfa  has  been  the  source  of  much  complaint. 
Some  notes  and  photographs  have  been  made  preliminary  to  its 
investigation. 

Flax  canker  has  been  very  bad  and  preliminary  studies  on  it 
are  under  way. 

Wheat  plants  in  a  diseased  condition  have  been  sent  to  the 
department  repeatedly.  It  is  probable  that  most  of  them  are  aftected 
with  the  root  disease  mentioned  by  the  North  Dakota  station.  There 
lias  not  been  time,  because  of  other  work,  to  give  much  study  to 
ihis  trouble,  but  it  seems  to  be  one  of  the  most  destructive  of  wheat 
diseases. 

In  the  collection  of  fungi  and  flowering  plants  we  have  had  a 
most  profitable  year,  more  having  been  accomplished  than  during 
the  previous  decade. 

AGRONOMY    DEPARTMENT 

The  rapidly  increasing  development  of  the  agriculture  of  the 
State  makes  a  large  demand  on  the  agronomy  department  and  a 
irreat  variety  of  work  is  on  hand. 

Sixty-four  plats  were  used  in  tests  to  determine  the  best  rates 
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and  dates  of  seeding.  As  in  previous  years,  early  seeding  gave  the 
best  results  with  wheat,  oats,  and  peas.  The  best  results  with  barley 
were  obtained  when  it  was  seeded  about  the  middle  of  May.  The 
heaviest  seedings  gave  the  largest  yields  with  wheat,  oats,  and  peas, 
but  with  barley  2  to  2J4  bushels  of  seed  per  acre  gave  the  largest 
crop. 

Most  of  the  grain  varieties  are  grown  in  rows,  each  a  rod  long 
and  a  foot  apart.  Each  variety  is  repeated  six  times  so  as  to  eliminate 
the  soil  variable,  and  the  average  of  the  six  rows  is  taken  for  com- 
parison. 

This  year  the  tests  included  30  varieties  of  oats,  21  of  peas,  36 
of  spring  wheat,  48  of  barley,  54  of  miscellaneous  crops,  including 
roots,  sorghums,  rape,  etc.,  15  of  early  maturing  corn,  19  of  beans, 
and  25  of  grasses  and  clovers. 

The  varieties  that  yielded  well  in  the  past  gave  good  returns 
again  this  year.  One  new  oat  variety,  labeled  "O.  A.  C.  No.  72," 
which  was  procured  from  the  Ontario  Agricultural  College,  gave  a 
high  yield  and  is  very  promising.  It  is  interesting  to  notice  that 
the  Stanley  variety  of  wheat  was  at  the  top  of  the  list  again  this  year. 

Among  the  miscellaneous  crops,  some  of  the  varieties  of  man- 
gels yielded  over  40  tons  to  the  acre, — a  very  large  yield.  The 
varieties  of  sorghum  and  kaffir  did  not  do  well  and  gave  only  a 
fraction  of  the  forage  that  was  harvested  from  a  number  of  the  com 
varieties. 

The  Gehu  and  the  Dakota  White  Flint  gave  a  yield  of  70 
bushels  of  corn  per  acre.  This  past  fall  was  about  six  days  longer 
than  usual  and  the  summer  season  was  rather  hot,  so  that  conditions 
for  corn  were  much  more  favorable  than  usual. 

The  Pilot  navy  bean  yielded  60  bushels  per  acre.  There  is  a 
place  for  these  beans  on  the  irrigated  land  of  the  lower  valleys  of 
Montana.  Cow  peas  and  soy  beans  did  not  mature  and  are  not 
crops  to  be  recommended  for  this  altitude. 

The  grass  and  clover  plats  were  rather  unsatisfactory  in  that 
they  partly  killed  out.  These  will  be  replanted  and  extended.  The 
Mammoth  red  clover  gave  a  very  good  return,  yielding  over  4  tons 
of  hay  per  acre,  while  sweet  clover  produced  a  little  over  6  tons 
of  cured  hay. 

Seeds  of  alfalfa,  sweet  clover,  white  clover,  red  clover  and  crim- 
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son  clover  were  treated  with  sulphuric  acid  before  planting  to  test 
the  effect  of  such  treatment  on  the  germination  and  stand  obtained. 
In  every  case  the  plats  planted  with  the  treated  seed  gave  lower 
yields  of  hay  than  the  check  plats,  showing  that  in  field  practice 
nothing  is  to  be  gained  by  this  treatment  of  these  seeds.  In  labora- 
tory tests  treatment  of  these  seeds  with  sulphuric  acid  seemed  to 
increase  and  hasten  germination. 

Because  of  differences  in  soil  and  climate  the  agronomy  depart- 
ment is  carrying  on  work  in  several  parts  of  the  State.  At  Moccasin 
in  Fergus  County,  several  series  of  tests  are  being  conducted  on 
crop  rotation,  on  grain  varieties  and  on  forage  crops  adapted  to  the 
dry  farm.  Some  important  results  from  this  work  will  soon  be 
ready  for  publication. 

At  Osborn,  on  the  Huntley  irrigation  project,  both  dry-land  and 
irrigated  crop  studies  are  being  carried  on  but  the  work  has  not 
been  continued  long  enough  to  warrant  drawing  any  conclusions. 
The  work  at  this  place  is  supported  mainly  by  the  U.  S.  Department 
of  Agriculture. 

During  the  past  year  experiments  on  the  duty  of  water  were 
conducted  in  the  Yellowstone  Valley  near  Billings,  in  cooperation 
with  the  Irrigation  Division  of  the  U.  S.  Department  of  Agriculture. 
Comparisons  were  made  on  the  use  of  varying  amounts  of  water  on 
a  number  of  crops  and  some  valuable  data  were  secured. 

During  1914,  266  corn  varieties  were  grown  in  test  plats  on 
land  joining  the  town  of  Wibaux,  in  eastern  Montana.  This  work 
was  supervised  by  Mr.  M.  L.  Wilson  and  Mr.  John  C.  Taylor.  A 
frost  the  latter  part  of  August  injured  all  but  16  or  18  varieties, 
showing  the  great  advantage  of  getting  early  maturing  strains.  The 
report  on  this  work  is  being  prepared  for  the  press. 

In  cooperation  with  the  Irrigation  Division  of  the  U.  S.  Depart- 
ment of  Agriculture,  tests  were  conducted  in  growing  crops  in  tanks. 
These  were  designed  to  determine  the  relative  economy  in  the  use  of 
water  by  plants  from  soils  that  are  saturated,  from  soils  that  have 
75  per  cent  of  saturation,  which  is  considered  the  optimum  moisture 
condition,  and  from  soils  where  the  moisture  supply  is  about  2  per 

cent  above  the  wilting  point.  The  results  showed  that  the  greater 
the  amount  of  water  used,  the  greater  the  yield,  but  the  less  econom- 
ically the  water  would  be  used. 
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Farm  Management. — In  the  Gallatin  Valley  the  farm  manage- 
ment survey  started  last  year  has  been  completed.  Reports  have 
l»een  obtained  from  some  300  farmers.  The  results  of  this  study 
will  be  prepared  for  publication  during  the  coming  season. 

ANIMAL  HUSBANDRY  DEPARTMENT 

The  work  in  animal  husbandry  has  been  retarded  during  the 
year  owing  to  the  changes  in  the  staff.  The  assistant  resigned  early 
in  the  fall  and  later  the  head  of  the  department  had  to  give  up  his 
work  because  of  ill  health  and  no  successor  has  yet  been  appointed. 
The  work  on  hand,  however,  has  been  continued  and  considerable 
progress  made. 

Investigations  are  being  carried  on  with  all  classes  of  liv^e  stock 
but  no  definite  conclusions  are  available  at  the  present  time. 

CHEMISTRY   DEPARTMENT 

The  chemistry  department  is  working  in  cooperation  with  nearly 
every  other  department  of  the  station  and  it  has  a  large  number  of 
projects  on  hand.  One  of  the  earlier  projects  of  the  department  was 
on  the  artificial  incubation  of  eggs.  This  work  has  been  confined 
entirely  to  the  study  of  the  lime-phosphorus  ratio  in  eggs  at  different 
periods  of  incubation  and  the  relationship  between  that  ratio  and 
the  vitality  of  the  chick  when  hatched.  During  the  past  year  the 
anaylsis  of  eggs  has  been  confined  entirely  to  the  egg  content,  that 
is,  the  shell  has  been  carefully  removed  and  is  not  taken  into  account 
in  the  analysis.  The  investigations  show  that  the  embryo  takes 
lime  from  the  shell  during  the  process  of  incubation.  This  is 
necessary  as  there  is  not  a  sufficient  amount  of  lime  in  the  egg 
content  to  unite  with  the  phosphorus  to  form  the  skeleton  of  the 
chick.  The  investigations  further  indicate  that  there  is  a  relationship 
between  the  lime-phosphorus  ratio  and  the  vitality  of  the  chick. 
A  preliminary  report  will  be  published  during  the  coming  year. 

This  department  is  working  with  the  agronomy  department  on 
the  effect  of  different  methods  of  cropping  and  cultivation  on  the 
moisture  and  nitrate  content  of  the  soil.  Some  very  valuable  data 
are  being  accumulated  on  this  subject. 

Preliminary  steps  in  cooperation  with  the  agronomy  department 
have  also  been  undertaken  in  the  study  of  hard  soil  conditions  in 
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various  parts  of  the  State.  It  is  planned  during  the  coming  season 
to  give  much  more  attention  to  this  problem. 

With  the  biology  department  studies  have  been  taken  up  on 
the  effect  of  arsenic  on  vegetation  in  an  effort  to  explain  the  causes 
of  the  injuries  noted  and  how  they  may  be  overcome.  Considerable 
progress  has  been  made  on  this  project  and  the  results  will  be 
published  during  the  coming  year. 

Under  the  miscellaneous  work  done  might  be  mentioned  the 
analyses  of  soils  made  for  farmers  in  different  parts  of  the  State. 
About  250  samples  were  analyzed  during  the  past  year  and  upon  the 
basis  of  these  analyses  information  was  given  to  the  farmers  as  to 
why  their  soil  was  not  producing  normal  crops.  By  analyzing  these 
samples  the  station  has  obtained  a  wider  knowledge  of  the  soil  in 
the  State.  It  has  been  definitely  determined  that  much  of  our  soil 
is  low  in  organic  matter  and  that  in  some  parts  of  the  State  it  is 
low  in  lime.  During  the  past  year  the  chemistry  department  has 
demonstrated  that  a  great  deal  of  the  heavy  type  of  soil  found  in 
this  State  is  formed  through  the  decomposition  of  shale  and  that 
the  shale  itself  contains  as  much  nitrogen,  or  nearly  so,  as  the  soil 
which  is  formed  through  its  decomposition. 

The  meteorological  work  consists  in  keeping  a  record  of  the 
maximum  and  minimum  temperatures,  and  the  wet  and  dry  bulb 
readings,  from  which  humidity,  dew  point  and  vapor  pressure  are 
calculated.  A  record  of  precipitation,  wind  velocity,  wind  direction 
and  hours  of  sunshine  is  also  kept.  During  the  present  year  a 
bulletin  on  Montana  climate  has  been  published  and  is  now  ready 
for  distribution. 

For  the  State  Grain  Laboratory  of  Montana,  fourteen  samples 
of  flour  and  feed  were  analyzed  for  moisture,  ash  and  protein. 

HORTICULTURE  DEPARTMENT 

The  horticulture  department  has  in  charge  three  kinds  of  work, 
namely,  the  growing  of  fruit,  of  vegetables,  and  of  ornamental  trees 
and  shrubs.  This  work  is  carried  on  at  the  home  station  at  Bozeman, 
at  the  horticulture  substation  in  the  Bitter  Root  Valley,  and  at  the 
dry  farm  substation  in  Fergus  County.  It  is  planned  to  extend  this 
work  to  other  substations  as  soon  as  funds  warrant  it. 

Two  projects  under  way  at  the  horticulture  substation  are  begin- 
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ning  to  yield  some  definite  results.  Measurements  of  the  trees  on 
the  cultural  test  plats  show  that  those  on  the  plat  cropped  with 
potatoes  have  made  the  best  growth  since  planting  in  1908.  Those 
on  the  clover  plat  where  the  crop  has  been  cut  and  left  on  the 
ground  rank  next  in  growth,  and  those  on  the  clean  cultivated  plats 
rank  third.  The  trees  on  the  cultivated  plat  are  now  beginning  to 
show  rosette,  which  suggests  lack  of  fertility,  indicating  that  while 
the  young  trees  may  thrive  for  a  time  under  clean  cultivation,  bearing 
trees  cannot  be  expected  to  continue  in  good  condition  under  such 
a  system  of  culture. 

Of  the  apple  varieties  being  tested  at  this  substation,  the  New- 
town Pippin  and  the  Spitzenburg  have  been  eliminated  as  maturing 
too  late. 

Practically  all  bearing  pear  trees  were  killed  by  blight  during 
the  summer  of  1914.  The  varieties  represented  were  Bartlett,  Seckel, 
Clapp,  and  Flemish  Beauty.  The  varieties  of  apples  which  have 
been  so  seriously  affected  by  blight  as  to  render  them  of  doubtful 
value  for  commercial  planting  are  Opalescent,  Jonathan,  Winter 
Banana,  Wismer  Desert,  Wagener  and  Wealthy. 

The  vegetable  work  carried  on  at  the  home  station  included 
the  test  of  mulching  as  compared  with  cultivation  in  growing  veg- 
etables without  irrigation.  The  following  vegetables  were  grown 
under  cultivation  and  under  straw  mulch:  beets,  cabbage,  carrots, 
cauliflower,  cucumbers,  endive,  kohlrabi,  lettuce,  onions,  parsnips, 
peas,  pumpkins,  radishes,  rutabaga,  salsify,  spinach,  squash,  sweet 
com,  Swiss  chard,  tomatoes  and  turnips.  With  the  exception  of 
cabbage,  in  which  the  yield  and  the  weight  of  heads,  especially  of 
the  later  varieties,  were  increased  by  mulching,  and  the  late  root 
crops  in  which  the  yield  and  quality  were  improved  by  mulching, 
cultivation  seemed  to  give  the  best  results.  The  straw  mulch  con- 
served more  moisture  than  cultivation,  but  during  the  warmer  part 
of  the  season  the  mulch  reduced  the  soil  temperature  as  much  as 
ten  degrees  during  the  warmer  part  of  the  day.  This  reduction  in 
soil  temperature  evidently  had  much  to  do  with  the  growth  of  the 
majority  of  vegetables.  Temperature  seemed  to  be  as  important  a 
factor  as  soil  moisture  in  crop  growth  under  those  conditions. 

Some   interesting  results   were   secured   in   the  celery   project. 
Celery  started  in  the  greenhouses  on  February  14th  produced  on  an 
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averoge  30  per  cent  of  seed  stocks,  while  the  same  varieties  started 
on  March  14th  produced  a  fraction  over  1  per  cent  of  seed  stalks. 
Extra  rich  soil  also  seemed  to  encourage  premature  seeding.  Early 
plantings  grown  in  very  rich  soil  produced  38  per  cent  of  seed 
stalks,  while  the  same  stock  planted  in  medium  soil  produced  only 
IS  per  cent  of  seed  stalks.  Sandy  soil  gave  30  per  cent  of  seed 
stalks  in  the  case  of  early  planting.  In  the  case  of  late  planting 
only  one  block  produced  seed  stalks.  Plants  in  rich  fertile  soil 
produced  3  per  cent  of  these.  This  year's  results  seem  to  indicate 
that  early  planting,  soil  overrich  in  organic  matter,  or  soil  too 
abundantly  supplied  with  sand  will  encourage  premature  seeding. 

The  comparison  of  ridge  and  level  cultivation  in  growing  onions 
gave  results  in  favor  of  the  former.  Onions  grown  on  ridges  were 
planted  in  two  rows  8  inches  apart,  with  the  ridges  24  inches  apart. 
In  the  case  of  level  cultivation  the  rows  were  18  inches  apart. 
Growing  onions  by  ridging  apparently  induced  earlier  maturing  and 
the  bulbs  seemed  to  "bottom  up"  better. 

Thinning  experiments  with  potatoes,  conducted  at  the  Fergus 
County  substation,  increased  the  yield  of  marketable  potatoes  and 
in  nearly  every  case  increased  the  total  yield.  The  quality  of  the 
crop  was  also  improved.  The  thinning  work  at  the  home  station 
did  not  give  as  promising  results  as  in  previous  years.  In  most 
cases  it  decreased  the  yield  of  marketable  tubers  about  4,000  pounds 
per  acre,  but  it  also  decreased  the  amount  of  culls  and  improved 
ihe  quality  of  the  crop  very  materially. 

Experiments  in  mulching  potatoes  with  straw,  both  at  the  dry 
farm  substation  in  Fergus  County  and  at  the  home  station,  did  not 
give  as  good  results  as  cultivation.  Experiments  at  the  dry  farm 
substation  to  determine  the  best  distances  for  planting  potatoes 
indicate  that  under  dry  land  conditions  the  best  distance  is  about 
Ibyi  inches  apart  in  the  row.  Closer  planting  increased  the  amount 
of  culls,  while  greater  distances  decreased  the  marketable  crop. 
The  quality  of  the  crop  so  far  as  size  was  concerned  was  somewhat 
better  when  the  potatoes  were  planted  18  inches  apart  in  the  row. 
Tests  under  irrigation  with  Russet  Burbank  and  Rural  New  Yorker 
gave  the  best  results  with  14-inch  planting.  Closer  planting  increased 
the  amount  of  culls,  and  the  quality  of  the  crop  was  not  as  good 
as  from  14  to  16-inch  planting.     The  best  late  varieties  tested  at 
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the  home  station  were  Rural  New  Yorker,  Russet  Burbank  and 
Green  Mountain.  The  best  early  varieties  were  Early  Ohio  and 
Irish  Cobbler. 

Experiments  conducted  to  determine  the  value  of  hill  selection 
in  potatoes  gave  some  very  striking  yields  in  its  favor.  In  the  case 
of  Russet  Burbank,  the  yield  from  stock  seed  was  11,838  pounds 
per  acre,  while  four  out  of  six  selected  hills  produced  at  the  rate  of 
more  than  18,000  pounds  per  acre,  one  hill  producing  at  the  rate  of 
more  than  20,000  pounds.  Rural  New  Yorker  yielded  from  stock 
seed  10,257  pounds  of  marketable  tubers  per  acre,  while  four  out  of 
six  selected  hills  produced  at  the  rate  of  more  than  17,500  pounds 
per  acre.  Early  Michigan  from  stock  seed  produced  4,500  pounds 
of  marketable  tubers,  while  six  out  of  ten  selected  hills  produced 
at  the  rate  of  more  than  10,000  pounds,  and  the  highest  yielding  hill 
produced  at  the  rate  of  14,779  pounds. 

POULTRY  DEPARTMENT 

The  poultry  department  has  made  steady  growth  during  the 
year.  Two  new  style  incubators  have  been  added  to  the  equipment, 
a  new  type  brooder  system  has  been  worked  out  by  installing  hovers 
in  the  colony  houses,  and  the  old  brooder  house  has  been  remodeled 
to  accommodate  some  small  breeding  flocks.  In  addition  to  this  a 
large  area  of  land  has  been  made  available  for  the  work  and  fenced 
with  a  high  woven  wire  fence. 

Several  experimental  projects  are  being  carried  on  by  the  depart- 
ment. 

Breeding  for  egg  production  is  one  of  the  problems  which  has 
received  a  great  deal  of  attention  during  the  year,  and  there  is  now 
en  hand  a  large  amount  of  valuable  data  on  this  subject.  Until 
last  spring,  only  "mass  selection"  had  been  practiced.  Considerable 
advance  has  been  made  and  the  average  yearly  egg  production  of 
all  flocks  materially  increased.  However,  owing  to  the  originally 
low  average  production  and  to  the  changes  in  the  type  of  houses 
used,  it  is  difficult  to  say  just  how  great  an  effect  this  system  of 
breeding  has  had  on  the  increased  egg  production  and  how  much 
can  be  traced  to  other  causes. 

In  the  spring  of  1914  a  system  of  pedigree  hatching  was  under- 
taken and  it  is  hoped  to  develop  lines  of  high  egg  producers  that 
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will  become  well  established  and  strongly  prepotent,  in  order  that 
males  from  these  lines  may  be  sold  to  the  farmers  at  very  reasonable 
rates  to  improve  the  laying  quality  of  the  general  flocks  in  the  State. 
During  the  past  fall  an  attempt  was  made  to  determine  the 
value  of  crate  fattening  as  a  means  of  improving  the  market  value 
of  roasters.  Various  feeds  were  used  and  several  lots  of  roasters 
were  experimented  with.  The  general  results  would  seem  to  indicate 
that  under  some  conditions,  crate  fattening  could  be  practiced  in  this 
State.  Very  satisfactory  gains  in  flesh  were  obtained  and,  judging 
from  the  great  demand  for  these  birds  as  roasters,  the  quality  was 
greatly  improved. 

VETERINARY   DEPARTMENT 

It  has  been  necessary  for  the  veterinarian  to  give  a  great  deal 
of  time,  in  cooperation  with  the  State  veterinarian,  to  investigating 
the  outbreaks  of  contagious  diseases  of  live  stock.  Hog  cholera 
has  been  especially  bad,  and  a  poster  circular  describing  the 
disease  and  demonstrating  methods  of  control  was  published 
and  distributed.  The  dairy  interests  of  the  State  are  increasing 
and  the  necessity  of  fighting  bovine  tuberculosis  is  most  urgent. 
A  more  modern  tuberculin  test,  the  intradermal  method,  was  tested 
and  described  in  bulletin  No.  105.  This  test  was  found  especially 
applicable  to  range  cattle,  and  will  be  a  great  aid  in  eradicating 
tuberculosis  from  both  dairy  and  beef  herds. 

With  the  large  shipments  of  dairy  cattle  from  the  eastern  states, 
contagious  abortion  among  cattle  has  increased  to  an  alarming 
extent,  and  the  carbolic  acid  treatment  has  been  extensively  dem- 
onstrated. The  treatment  meets  with  remarkable  success  and  has 
saved  stockmen  thousands  of  dollars  this  year. 

From  many  sections  of  the  State  complaints  have  come  that 
pigs  were  born  hairless  and  soon  died.  This  condition  has  been 
investigated  to  some  extent  but  with  no  results.  The  work  will 
be  pushed  energetically  next  year  and  investigated  from  every  angle. 

AGRICULTURAL    ENGINEERING 

In  the  Twentieth  Annual  Report  of  the  Experiment  Station  is 
presented  a  discussion  of  the  scope  of  the  work  in  agricultural 
engineering.  In  the  early  history  of  the  Experiment  Station  this 
work  was  confined  to  irrigation  and  drainage,  and  was  handled  by 
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the  civil  engineering  department  of  the  college.  With  the  growth 
cf  the  college,  however,  this  arrangement  became  undesirable,  and, 
furthermore,  the  nature  of  the  work  carried  on  demanded  a  reorgan- 
ization. Much  of  the  work  was  turned  over  to  the  agronomy  depart- 
ment and  an  assistant  was  appointed  in  this  department  to  follow 
up  the  engineering  phases  of  the  work. 

With  the  growth  and  the  development  of  the  subject,  however, 
it  was  decided  to  make  agricultural  engineering  a  full  department 
This  was  done  during  the  past  year  and  Prof.  H.  E.  Murdock  placed 
in  charge.  Professor  Murdock  graduated  in  mechanical  engineering 
at  the  University  of  Illinois  and  took  his  degree  in  civil  engineering 
at  the  University  of  Colorado  and  for  nearly  two  years  was  employed 
by  the  Irrigation  Division  of  the  U.  S.  Department  of  Agriculture. 

The  modern  development  of  agriculture  in  America  has  created 
a  great  variety  of  farm  machinery  and  the  use  of  power  other  than 
horses  is  increasing  rapidly.  The  demands  of  modern  life  necessitate 
many  conveniences  in  the  farm  home,  the  use  of  labor-saving  devices, 
improved  water  supply  and  better  sanitary  conditions. 

With  the  increasing  price  of  lumber,  there  is  need  for  a  better 
understanding  of  its  efficient  use  on  the  farm  and  also  of  the  use 
of  timber  substitutes  for  fencing,  gates  and  other  conveniences. 

The  country  roads  offer  a  very  large  problem,  the  important 
part  of  which  is  not  what  is  desirable  but  what  is  practicable,  con- 
sidering the  materials  at  hand  and  the  cost  of  making  and  main- 
taining the  road.     The  information  on  these  points  is  very  meager. 

In  this  western  country,  however,  the  problems  growing  out  oi 
irrigation  are  of  paramount  importance.  The  various  devices  for 
measuring  and  controlling  irrigation  water,  pumping  for  irrigation, 
control  of  seepage  and  methods  of  drainage  for  water-logged  or 
alkali  lands,  are  all  in  need  of  study. 

In  so  far  as  time  and  funds  will  permit  the  agricultural  engineer- 
ing department  plans  to  undertake  studies  in  many  of  these  direc- 
tions, so  as  to  be  prepared  to  advise  the  farmers  on  the  best  practices 
and  methods  to  pursue  in  their  particular  line  of  work. 

PUBLICATIONS  OF  THE  YEAB 

Eight  bulletins,  nine  circulars,  and  the  twenty-first  annual  report 
make  up  the  list  of  publications  for  the  year.     The  following  table 
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gives  the  number  and  size  of  these  bulletins  and  circulars : 

BULLETINS 


No. 

Edition 

Pages 

Total  pages 

99 

15,000 

66 

990,000 

Appendix  to  99 

5,000 

78 

390,000 

100 

15,000 

14 

210,000 

101 

15,000 

32 

480,000 

102 

6,000 

14 

84,000 

103 

10,000 

126 

1,260,000 

104 

6,000 

11 

66,000 

105 

16,000 

32 

512,000 

21st  Annual  Report 

16,000 

28 
401 

448,000 

Total 

101,000 

4,440,000 

CIRCtlLARS 

No. 

Edition 

Pages 

Total  pages 

30  (reprint) 

2,000 

16 

32,000 

r.8 

12,000 

12 

144,000 

^9 

4,000 

4 

16,000 

40 

12,500 

32 

400,000 

41 

12,000 

26 

312,000 

42 

5,000 

12 

60,000 

43 

12,000 

24 

288,000 

44 

12,000 

9 

108,000 

45 

16,000 

20 

320,000 

46 

12,000 

25 

300,000 

Total       99,500 


180 


1,980,000 


In  addition  to  the  bulletins  and  circulars,  three  leaflets  have 
been  published,  as  follows:  "Packing  Eggs  in  Water-Glass,"  "Feed- 
ing Laying  Hens,"  and  "Blackleg."  Two  poster  circulars  have  also 
l»een  issued,  one  on  "Hog  Cholera"  and  the  other  on  "Irrigation 
Suggestions." 

BULLETINS 

Bulletin  No.  99.  "A  Report  on  Montana  Climate,"  by  Edmund 
}»urke  and  Reuben  M.  Pinckney.     This  bulletin  is  the  first  study 
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based  on  a  full  compilation  of  the  available  weather  records  for 
Montana.  Complete  records  of  the  rainfall  and  temperature  as  far 
as  they  were  available  are  given  for  thirty-eight  different  weather 
stations  in  the  State.    Two  maps,  fifty-six  charts. 

Bulletin  No.  100.  "Winter  Wheat,"  by  Alfred  Atkinson  and 
J.  B.  Nelson.  This  is  a  report  of  studies  made  on  this  crop  in  various 
parts  of  the  State.  The  bulletin  deals  especially  with  varieties,  dates 
and  rates  of  seeding,  and  the  effect  of  harrowing.    Four  illustrations. 

Bulletin  No.  101.  "First  Annual  Report  of  the  State  Grain 
Laboratory  of  Montana,"  by  Alfred  Atkinson  and  B.  W.  Whitlock. 
'''his  is  a  report  of  the  work  done  by  the  laboratory  in  testing  the 
purity  and  germination  of  seeds  and  in  the  milling  and  baking 
studies  with  wheat.    Twenty-five  illustrations. 

Bulletin  No.  102.  "Twelfth  Annual  Report  of  the  State  Ento- 
mologist of  Montana,"  by  R.  A.  Cooley.  In  this  report  attention 
is  called  to  the  insect  pests  that  have  been  troublesome  to  the  farmers 
and  fruit  growers  of  the  State  during  the  year.  The  need  for  enlarg- 
ing this  work  and  providing  additional  help  is  also  emphasized. 
One  illustration. 

Bulletin  No.  103.  "Irrigation  Development  in  Montana,"  by 
S.  T.  Harding.  This  bulletin  was  prepared  under  cooperative  agree- 
ment between  the  Irrigation  Investigations,  Office  of  Experiment 
Stations,  U.  S.  Department  of  Agriculture,  and  the  Montana  Agricul- 
tural Experiment  Station.  It  calls  attention  to  the  water  resources 
of  Montana  and  how  they  may  be  utilized.  The  irrigation  projects 
in  operation  and  in  prospect  are  discussed  under  eight  separate 
State  divisions.    Nine  illustrations. 

Bulletin  No.  10-i.  "Tomato  Tests,"  by  O.  B.  Whipple  and  L.  G. 
Schermerhorn.  This  bulletin  records  the  results  of  experiments  to 
determine  the  best  varieties  of  tomatoes  for  the  higher  altitudes 
and  methods  of  culture  that  will  tend  to  induce  early  ripening  of 
ihe  fruit.  Circular  44  is  a  popular  presentation  of  the  facts  brought 
out  in  this  bulletin.     Five  illustrations. 

Bulletin  No.  105.  "The  Intradermal  Test  in  Bovine  Tuberculo- 
sis," by  Dr.  Howard  Welch.  This  bulletin  reports  the  results  of 
experiments  made  with  the  intradermal  tuberculin  test  and  calls 
attention  to  its  value  in  testing  range  cattle.    Twenty  illustrations. 
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CIRCULARS 

Circular  38.     "Seed  Testing,"  by  Alfred  Atkinson  and  B.  W. 
Whitlock.    This  is  a  description  of  the  equipment  of  the  seed  testing 
laboratory  and  of  the  methods  used  in  testing  seeds.     Four  illus 
trations. 

Circular  39.  "The  Status  of  Investigational  Work  on  Pear  and 
Apple  Blight,"  by  Deane  B.  Swingle.  This  is  a  brief  discussion  of 
the  investigational  work  that  has  been  done  on  this  problem. 

Circular  40.  "Flax  Cropping,  Harvesting  Methods,"  by  M.  L. 
Vv^ilson  and  H.  L.  Bolley.  This  circular  was  prepared  in  cooperation 
with  the  North  Dakota  Agricultural  Experiment  Station  and  dis- 
cusses fully  the  various  methods  of  harvesting  the  flax  crop.  Forty- 
three  illustrations. 

Circular  41.  "Corn  Growing  in  Montana,"  by  M.  L.  Wilson. 
This  is  the  first  publication  on  corn  growing  by  the  Montana  Exper- 
iment Station.  It  calls  attention  to  the  varieties  of  corn  adapted 
ic  certain  sections  of  the  State  and  to  the  methods  of  growing  and 
harvesting  the  same.     Thirty-one  illustrations. 

Circular  42.  "The  Sugar-beet  Webworm,"  by  J.  R.  Parker.  The 
life  history  of  this  insect  is  discussed  and  methods  of  control  recom- 
mended.    Six  illustrations. 

Circular  43.  "Farm  Records  and  Accounts,"  by  E.  L.  Currier. 
This  circular  illustrates  various  methods  of  keeping  farm  accounts 
and  shows  how  they  may  be  used  in  studying  the  business  of  the 
farm.    Two  charts. 

Circular  44.  "Tomato  Culture  in  Montana,"  by  O.  B.  Whipple. 
This  circular  discusses  methods  of  growing  tomatoes,  particularly 
those  adapted  to  the  higher  valleys  of  the  State.     Five  illustrations. 

Circular  45.  "Crop  Growing  Suggestions  for  the  Dry  Land 
Farmer,"  by  Alfred  Atkinson.  This  is  a  general  discussion  of  soil 
cultural  methods  and  crop  varieties  adapted  to  the  dry  farm  and  is 
designed  to  take  the  place  of  previous  publications  on  this  topic 
which  are  out  of  print.    Ten  illustrations. 

Circular  46.  "The  Potato  Crop  in  Montana,"  by  O.  B.  Whipple. 
In  this  circular  are  presented  the  results  of  observations  and  exper- 
iments in  growing  potatoes  in  Montana,  with  special  reference  to 
cultural  methods,  varieties  and  marketing.    Eleven  illustrations. 
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SUMMARY  FOR  THE  YEAR  1914 

Highest  temperature 92°,  August  15th 

Lowest  temperature -29°,February  6th 

Greatest  range 111° 

Highest  monthly  mean 65.1°,  July 

Lowest  monthly  mean 17.6°,  December 

Highest  daily  mean 74°,  August  15th 

Lowest  daily  mean -15.5°,  February  5th 

Mean  temperature  for  year 42.7° 

Greatest  total  precipitation  for  one  month 3.53  inches,  June 

Lowest  total  precipitation  for  one  month 0.11  inch,  August 

Total  precipitation 16.46  inches 

First  killing  frost September  9th 

Last  killing  frost June  22d 

Number  of  clear  days  in  year 142 

Number  of  partly  clear  days  in  year 158 

Number  of  cloudy  days  in  year 6.^ 

Days  with  0.01  inch  or  more  precipitation 113 
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LETTER  OF  TRANSMITTAL 

Bozeman,  Montana,  January  31,  1916 

To  His  Excellency,  Samuel  V.  Stewart, 

Governor  of  Montana. 
Dear  Sir: 

In  accordance  with  the  Congressional  Acts  of  March  2,  1887, 
and  March  16,  1906,  I  have  the  honor  to  transmit  herewith  the 
Twenty-Second  Annual  Report  of  the  Montana  Experiment  Station. 
The  financial  statement  is  for  the  year  ending  June  30,  1915,  the 
results  of  investigations  of  the  several  departments  are  reported 
to  the  end  of  the  wState  year,  November  30,  1915. 

Very  respectfully, 

F.   B.  LINFIELD,  Director. 


REPORT  OF  THE  TREASURER 

The  Experiment  Station  of  the  Agricultural  College  of  the 
State  of  Montana  in  account  with  the  United  States  appropriations 
1914-15. 

Dr. 

Hatch  Fund  Adams  Fund 
To  receipts  from  the  Treasurer  of  the 
United  States,  as  per  appropriations 
for  the  fiscal  year  ended  June  30, 
1915,  under  acts  of  Congress  approved 
March    2,    1887    (Hatch    Fund),    and 

March  16,  1906  (Adams  Fund) $15,000.00  $15,000.00 

Cr. 

By  salaries  $10,750.00  $11,858.34 

Labor 1,861.36  1,451.15 

Publications  385.30  

Postage  and  stationery 479.00  50.59 

Freight  and  express 57.90  108.78 

Heat,  light,  water  and  power 41.62  32.85 

Chemical  supplies 94.53  205.41 

Seeds,  plants  and  sundry  supplies 402.09  134.83 

Fertilizers  .75  

Feeding  stuffs  205.92  29.13 

Library  35.62  10.12 

Tools,  implements  and  machinery 104.80  52  10 

Furniture  and  fixtures 97.70  23.05 

Scientific  apparatus  37.21  353.02 

Live  stock  184.50  

Traveling  expenses  ,.         222.45  690.63 

Contingent  expenses  

Buildings  and  land 39.25  

Balance  


Total $15,000.00  $15,000.00 


We,  the  undersigned,  duly  appointed  auditors  of  the  corporation, 
do  hereby  certify  that  we  have  examined  the  books  and  accounts 
of  the  Experiment  Station  of  the  Agricultural  College  of  the  State 
of  Montana,  for  the  fiscal  year  ending  June  30,  1915;  that  we  have 
found  the  same  well  kept  and  classified  as  above,  and  that  the 
receipts  for  the  year  from  the  Treasurer  of  the  United  States  are 
shown  to  have  been  $15,000.00  under  the  act  of  Congress  of  March 
2,  1887,  and  $15,000.00  under  act  of  Congress  of  March  16,  1906, 
and  the  corresponding  disbursements  $15,000.00  and  $15,000.00,  for 
all  of  which  proper  vouchers  are  on  file  and  have  been  by  us  examined 
and  found  correct,  thus  leaving  no  balance. 

And  we  further  certify  that  the  expenditures  have  been  solely 
for  the  purposes  set  forth  in  the  acts  of  Congress  approved  March 
2,  1887,  and  March  16,  1906,  and  in  accordance  with  the  terms  of 
said  acts. 

Respectfully, 

Signed:  J.  H.  BAKER, 

J.  F.  BLAIR, 

•  Auditors^ 
Attest:     G.  R.  CALLAWAY,  Custodian. 


EXPERIMENT  STATION  MISCELLANEOUS  FUND 


State 
Dr.  appropriation 

To    receipts    from    other    sources    than 
the     United     States     for     the     vear 

ended  June  30,  1915 $40,900.80 

Cr. 

By  salaries  17,317.12 

Labor  11,416.79 

Publications 2,177.18 

Postage   and   stationery 1,146.53 

Freight   and  express 548.43 

Heat,  light,  water,  power 1,876.44 

Chemical  supplies  334.66 

Seeds,  plants  and  sundry  supplies 1,558.50 

Fertilizers  

Feeding   stuffs   252.71 

Library 530.69 

Tools,  impTements  and  machinery 562.15 

Furniture  and  fixtures 172.40 

Apparatus  716.20 

Live   stock  109.00 

Traveling  expenses  1,005.38 

Contingent   expenses  23.00 

Buildings  and  land , 1,153.62 


Total $40,900.80 


Farm 

products 

Total 

$5,379.20 

$46,280.00 

17,317.12 

2,607.50 

14,024.29 

206.36 

2,383.54 

95.61 

1,242.14 

61.47 

609.90 

198.27 

2,074.71 

334.66 

636.20 

2,194.70 

252.71 

9.60 

540.29 

430.17 

992.32 

118.50 

290.90 

350.00 

1,066.20 

80.00 

189.00 

230.89 

1,236.27 

87.60 

110.60 

267.03 

1,420.65 

$5,379.20 

$46,280.00 

Report  of  the  Director 

That  Montana  has  grown  at  a  rapid  rate  in  wealth  and  population 
during  the  past*  ten  years  we  all  realize.  Moreover,  we  are  all 
optimistic  for  the  future.  Those  who  have  large  opportunity  for  close 
study  of  the  immigration  into  the  State  say  that  our  population  has 
more  than  doubled  since  the  last  census.  Another  fact  to  remember 
is  that  this  large  increase  in  population  has  been  almost  wholly  due 
to  the  agricultural  development  of  the  State.  True,  railways  have 
been  built,  villages  and  towns'  have  multiplied  and  cities  increased 
in  size,  but  these  increases  have  been  largely  due  to  the  agricultural 
development. 

For  several  years  past  the  crop  yields  of  the  State  have  averaged 
very  good,  but  the  past  year  recorded  the  largest  crop  in  the  history 
of  the  State,  both  in  acre-yield  and  total  production. 

A  striking  illustration  of  the  agricultural  development  of  the 
State  is  shown  in  tables  A,  B,  and  C.  The  figures  for  the  year  1915 
are  taken  from  the  U.  S.  Bureau  of  Crop  Estimates  and  those  for 

TABLE  A.     CROP  ACREAGE  HARVESTED  IX  MONTANA 
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1.280,000 

80.0(X) 

180.000 

39,000 

2.249.000 

1900  ... 

9.514 

333.195 

258.377 

27.242 

37.647 

20.710 

686,685 

1890  ... 

3,301 

133,938 

92,132 
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TABLE  B.     TOTAL  PRODUCTION  IN   BUSHELS  OF  IMPORTANT 
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VALUE  OF  IMPORTANT  CEREALS,  FLAX  AND  POTATOES 

AT  SEASON'S  PRICES 
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the  other  years  from  the  Census  report  of  1909.  It  will  be  noted 
that  up  to  1909  the  increase  in  acreage  of  cereals  had  a  very  steady 
growth — about  a  threefold  increase  every  ten-year  period  except 
in  the  barley  crop.  For  the  past  six  years,  however,  the  increase 
has  been  much  more  rapid.  The  corn  acreage  has  multiplied  over 
seven  times  and  the  yield  about  eight  times.  The  oat  acreage  has 
about  doubled  but  the  yield  has  increased  two  and  one-half  times. 
The  wheat  acreage  has  multiplied  five  times  and  the  yield  has  kept 
pace  with  this.  The  barley  crop  has  increased  about  threefold,  and 
the  flax  fivefold,  although  there  was  a  decrease  in  acreage  in  1915 
as  compared  with  1914  of  about  40  per  cent.  The  potato  crop  has 
doubled  in  the  six  years. 

The  average  value  of  these  important  crops  has  increased  a 
little  more  than  threefold  in  the  past  six  years — from  $14,000,000 
to  $45,000,000.  The  total  acreage  has  increased  from  686,685  acres 
to  2,249,000  acres,  or  again  a  little  over  threefold.  These  figures 
are  a  measure  of  the  growth  of  the  agriculture  of  the  State — a  growth 
which  is  still  going  on  and  is  likely  to  continue  for  some  years. 

The  first  eflFect  of  this  agricultural  settlement  was  to  break  up 
the  old  range  pasture  and  thus  to  disorganize  the  stock  business 
based  on  such  pastures.  The  reports  of  the  State  live-stock  com- 
missioners, however,  indicate  that  there  is  practically  as  much  live 
stock  in  the  State  at  present  as  there  ever  was.  The  fact  that  over 
6,000  new  brands  were  registered  last  year  shows  that  the  settler 
is  going  into  the  live-stock  business  and  plans  to  use  the  range 
adjoining  his  farm  as  well  as  the  extra  feed  produced  on  his  farm. 
This  is  a  most  encouraging  sign  of  the  agricultural  development 
of  the  State,  as  I  believe  the  success  of  our  country  people  in  the 
future  will  depend  to  a  large  extent,  as  it  has  in  the  past,  upon  the 
development  of  their  live-stock  business.     It  is  too  early  as  yet  to 
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Study  Statistically  the  effect  of  this  development  on  the  kinds  and 
quality  of  the  live  stock  kept  but  undoubtedly  it  will  be  towards 
greater  diversity  of  kind  and,  I  hope,  towards  an  improvement  in 
quality. 

All  through  these  years  the  Experiment  Station  has  not  been 
neglectful  of  the  live-stock  problems  that  must  follow  the  agricultural 
settlement  of  the  State.  The  care,  management,  and  feeding  of 
dairy  cows,  hogs,  and  chickens  have  been  studied  for  the  past  twelve 
to  fifteen  years,  nor  have  we  neglected  studies  in  the  production  of 
beef,  mutton,  and  wool  on  the  farm.  Very  much  yet  remains  to 
be  done  but  we  hope  to  be  able  to  keep  up  to  the  demands  upon  us. 

The  Experiment  Station  has  been  very  close  to  the  agricultural 
development  and  has  done  what  it  could  to  help  forward  and  to 
shape  its  growth.  Thousands  of  pamphlets  and  millions  of  pages 
of  printed  matter  have  been  sent  out,  giving  information  on  how 
to  realize  on  the  State's  agricultural  resources.  The  farmers  have 
used  this  information  and  the  crops  grown  and  the  methods  of 
farming  followed  by  the  most  successful  farmers  are  those  which 
the  station  has  demonstrated  to  be  the  best  for  Montana  conditions. 

Montana  has  been  generous  to  the  Experiment  Station,  in  pro- 
viding the  funds  needed  to  engage  the  help  and  to  purchase  the 
equipment  required  to  study  the  agricultural  problems  of  the  State. 
I  believe,  however,  the  returns  have  justified  the  expense.  With 
her  wealth  of  material  resources  Montana  is  destined  to  be  a  mighty 
empire  in  the  sisterhood  of  states.  With  her  wealth  of  raw  materials 
in  mine  and  forest  and  farni,  and  the  power  in  the  coal  fields  and 
the  many  large  mountain  streams  and  rivers,  the  years  are  going  to 
bring  great  manufacturing  enterprises.  These,  however,  must  wait 
on  the  workers  and  on  a  consuming  population.  Both  of  these  at 
the  start  the  farm  must  provide  so  that  the  very  important  ques- 
tion before  us  as  a  people  for  the  next  generation  is  to  lay  broad 
and  deep  the  foundations  for  permanent  success  on  the  farms  and 
ranges  of  the  State. 

We  have  not  yet  passed  the  pioneer  stage  in  the  study  of  the 
agricultural  resources  and  possibilities  of  the  State.  The  fact  is 
very  apparent  when  we  consider  the  great  differences  in  the  snil. 
climate,  etc.,  of  this  immense  State,  which  could  crowd  into  its 
borders  the  states  of  Maryland,  Delaware,  New  Jersey,  New  York, 
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Connecticut,  Rhode  Island,  Vermont,  Massachusetts,  New  Hamp- 
shire, Elaine,  and  two-thirds  of  West  Virginia.  Our  soil  and  climatic 
conditions  are  as  varied  as  or  even  more  varied  than  may  be  found 
in  any  or  all  of  these  states. 

What  class  of  crops  will  grow  in  the  various  regions  of  the 
State  we  have  broadly  determined,  but  to  develop  the  varieties  that 
will  do  best  is  a  large  question  for  the  future.  The  systems  of  soil, 
crop  and  live-stock  management  and  the  business  management  which 
will  give  and  maintain  the  largest  income  to  the  farmer  are  problems 
we  are  working  at.  But  other  problems  are  also  coming  to  us — 
problems  and  difficulties  in  a  measure  peculiar  to  this  new  country. 
We  find  there  are  diseases  and  pests  attacking  both  plants  and  ani- 
mals, that  are  either  entirely  new  or  that  under  our  conditions  take 
on  new  and  peculiar  habits.  New  difficulties  are  coming  to  us  very 
much  faster  than  we  can  solve  the  old  ones.  Some  of  them  will 
have  to  wait  as  the  present  help  and  funds  will  not  permit  extension 
of  our  work.  Some  of  these  problems  and  difficulties  are  referred 
to  in  the  reports  of  their  work  as  submitted  by  the  heads  of  the 
various  departments. 

APPBOPBIATION8 

The  appropriations  made  by  the  State  legislature  of  1915  for 
the  maintenance  of  the  experiment  station  work  were  $7'2,0O0  for 
1915-16  and  $75,000  for  1916-17.  This  was  distributed  as  follows: 
$50,000  and  $61,000  for  the  home  station,  for  the  Judith  Basin  sub- 
station $5,500  for  each  year,  for  the  horticulture  substation  $2,500 
for  each  year,  for  the  Huntley  substation  $1,000  for  each  year;  and 
for  the  north  Montana  substation  a  special  appropriation  of  So.OOO 
a  year  was  made.  The  grain  laboratory  appropriation  was  $4,000 
f(.r  1915-16  and  $4,500  for  1916-17.  The  total  sum  was  an  increase 
of  10  per  cent  over  the  previous  State  appropriation.  The  finances 
of  the  State,  however,  would  not  permit  any  increase  in  funds  ^o 
that  the  amount  available  for  the  work  last  year  was  essentially 
tlie  same  as  that  of  the  previous  year.  Because  of  this  fact  it  wa> 
not  possible  to  extend  the  work,  but  by  careful  planning  and  some 
readjustments  we  have  been  able  to  take  up  some  new  and  pressincr 
problems  that  have  come  to  us  during  the  year. 

COOPERATION 

The   work  of  the  experiment   station  has  been   much   enlarged 
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through  cooperative  arrangements  made  with  the  U.  S.  Department 
of  Agriculture  and  others.  During  the  past  year,  the  Bureau  of 
Entomology  and  the  Irrigation  Division  continued  their  cooperative 
work  with  the  station;  each  made  a  small  contribution  of  about 
$300  a  year  for  the  work. 

At  the  Judith  Basin  substation,  the  Office  of  Dry  Farm  Agri- 
culture and  the  Office  of  Cereal  Grain  Investigations  continued  to 
provide  the  salary,  office  and  traveling  expenses  of  the  experts  in 
charge  of  this  work.  In  addition  the  Office  of  Forage  Crops  provided 
a  man  and  started  a  large  series  of  forage  crop  tests.  The  total 
funds  from  the  U.  S.  Department  of  Agriculture  for  this  substation 
are  about  $5,900  for  the  year. 

At  the  North  Montana  substation,  a  superintendent  is  provided. 
Traveling  and  office  expenses,  office  and  laboratory  equipment, 
meteorological  equipment  and  some  farm  machinery  will  be  con- 
tributed by  the  U.  S.  Department  of  Agriculture,  making  a  total  of 
about  $3,600  for  this  substation  for  the  year. 

The  Huntley  substation  is  owned  by  the  U.  S.  Department  of 
Agriculture.  Three  experts  are  employed.  The  department  spends 
about  $13,000  a  year  for  the  salaries  and  maintenance  of  this  work. 
The  State  contributes  $1,000  toward  the  maintenance  and  receives 
full  reports  on  all  experiments. 

The  Flax  Development  Association  a  few  years  ago  became 
interested  in  Montana  as  a  flax-producing  State.  During  the  past 
year  they  contributed  $2,000  toward  a  study  of  flax  as  a  crop  fc^r 
the  Montana  farmer. 

The  total  amount  of  these  contributions  was  $24,000  for  the 
year.  They  were  a  very  great  help  to  our  work  as  they  permitted 
much  more  efficient  use  of  the  State  funds  than  would  have  been 
otherwise  possible.  I  believe  that  both  the  State  and  the  experiment 
station  are  to  be  congratulated  upon  the  cordial  relationships  that 
have  made  these  cooperative  arrangements  possible. 

STATION   STAFF 

At  the  date  of  the  last  annual  report  we  had  a  vacancy  in  the  head 
of  the  animal  husbandry  department.  This  has  been  filled  by  the 
appointment  of  Mr.  C.  N.  Arnett,  a  graduate  of  Purdue  University, 
who  was  for  some  years  associate  professor  of  animal  husbandry 
at   the    Iowa  Agricultural   College.     The   station   was   fortunate   in 
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securing  Mr.  Arnett's  services  as  he  is  a  man  of  good  training  and 
experience,  with  a  deep  interest  in  the  live-stock  development  of 
the  State. 

The  demands  on  our  chemical  department  are  growing  so  rapidly 
that  we  had,  last  spring,  to  add  another  assistant  to  this  work. 
Mr.  R.  S.  Jones,  a  graduate  of  the  chemical  department  of  this  insti- 
tution, was  engaged  to  fill  the  place. 

Mr.  J.  D.  Morgan  resigned  in  August  last,  as  assistant  in  the 
grain  laboratory.  His  place  was  taken  by  Mr.  E.  W.  Jahnke,  a 
graduate  of  the  Minnesota  State  University. 

IMPBOVEMENTS 

As  the  work  of  the  station  has  grown  so  has  grown  the  need 
for  space  and  equipment.  It  has  been  quite  a  task  to  keep  up  with 
these  material  needs.  To  provide  more  office  and  storage  space 
in  the  agricultural  building,  partitions  were  built  in  on  the  attic 
floor  and  on  the  basement  and  sub-basement  floors  at  a  cost  of  about 
$1,000. 

Our  farm  land  area  has  been  increased  rapidly  in  the  past  ten 
years,  but  the  added  land  was  much  run  down  and  in  need  of  improve- 
ments, such  as  clearing  brush,  drainage,  fencing,  and  buildings. 
These  have  cost  several  thousand  dollars  and  we  are  not  yet  through. 
We  have  improved  the  farms  vpry  much,  however.  Last  year  at 
the  Fort  Ellis  farm  a  granary  26  by  60  feet  with  11-foot  studs  was 
constructed.  It  has  a  storage  capacity  of  10,000  bushels.  Several 
hundred  rods  of  fence  was  also  built.  The  total  cost  of  these  addi- 
tions was  close  to  $1,500. 

In  the  stack  yard  on  the  west  farm  a  shed  22  by  50  feet  was 
built  at  a  cost  of  about  $500.  Considerable  ditching  was  done  on 
the  east  farm  and  a  beginning  made  in  draining  the  pasture  land 
around  the  spring  on  the  college  grounds.  Altogether  close  to 
$3,500  was  spent  by  the  Experiment  Station  during  the  year  on 
these  and  other  improvements.  The  work  and  expense  along  this 
line  are  not  vet  over. 

AQBIGULTUBAL   EXTENSION 

With  the  growth  of  the  agricultural  extension  division,  the 
demands  for  service  from  the  experiment  station  staff"  are  decreasing. 
Neither  the  organization  nor  the  funds  of  this  new  division  has  yet 
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grown  sufficiently,  however,  to  permit  much  transference  of  the 
correspondence  or  the  preparation  and  publication  of  circulars.  This 
work  is  making  for  itself  a  place  in  the  State  and  is  making  more 
effective  the  experiment  station  work  by  bringing  it  directly  home 
to  the  farmers. 

The  demands  upon  the  station  workers  for  service  in  the  field 
as  helpers  at  farmers'  meetings  have  been  reduced  to  a  point  where 
such  trips  are  a  help  rather  than  any  interference  with  the  experi- 
mental work.  With  the  fuller  development  of  the  extension  service 
we  hope  the  same  relief  will  come  for  the  correspondence  and  infor- 
mation publications. 

SUBSTATIONS 

The  large  area  of  Montana  and  the  diversity  of  the  soil,  but 
particularly  of  the  climate,  make  necessary  a  few  substations  where 
crop  studies  may  be  carried  on.  Live  stock  has  a  much  greater  range 
of  adaptability.  Practically  only  two  conditions  have  to  be  met, 
the  farm  and  the  range,  though  the  latter  is  getting  to  be  farm  and 
range  rather  than  range  alone.  At  Bozeman  both  conditions  are 
provided  but  here  we  have  nearly  the  maximum  rainfall  for  the 
State  so  that  at  some  time  in  the  future  work  with  live  stock  will 
have  to  be  undertaken  in  some  other  district  where  drier  conditions 
prevail  and  the  climate  is  more  extreme  than  at  Bozeman. 

At  present  we  have  three  general  crop  substations — at  Moccasin 
in  the  Judith  Basin,  at  Fort  Assiniboine  in  northern  Montana,  and 
at  Huntley  on  the  Huntley  irrigation  project.  These  stations  are 
well  located,  being  on  a  line  running  diagonally  across  the  center 
of  the  State  and  practically  parallel  with  the  Rocky  Mountain  Divide. 

Two  other  stations  are  needed,  one  in  the  extreme  eastern  part 
of  the  State  where  winter  wheat  kills  frequently  and  thus  the  farmers 
have  to  depend  on  spring  sown  crops.  In  this  district  also  corn 
promises  to  be  a  very  important  crop.  'J'hus  some  dclinite  and 
comprehensive  studies  of  grain  varieties  and  of  soil  and  crop  man- 
agement should  be  undertaken  in  this  district.  Another  important 
problem  in  this  part  of  the  State  is  what  to  grow  for  pasture  and 
forage.  These  and  many  other  crop  questions  peculiar  to  eastern 
^Montana  can  only  be  properly  answered  by  a  series  of  experiments 
carried  on,  in  the  district,  over  several  years.  West  of  the  Rocky 
Mountain   Divide  we  have  another  district   with  a  special  climatic 
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condition  and  thus  its  peculiar  crop  problems.  These  two  additional 
substations  would  cover  quite  sufficiently  the  various  climatic  reg^ions 
of  the  State.  For  one  of  them  at  least  we  could  get  support  from 
the  U.  S.  Department  of  Agriculture,  which  would  enable  us  to  make 
much  more  comprehensive  the  experimental  work  undertaken.  With 
these  two  additional  substations  established,  I  believe  it  w^ould  be 
inadvisable  to  start  work  at  any  other  place  for  many  years  to  come. 

At  the  Judith  Basin  substation  the  best  crops  in  the  history  of 
the  station  were  produced  during  the  past  season.  The  work  has 
now  been  continued  long  enough  to  give  definite  results.  Next 
year  two  or  more  bulletins  will  be  published  giving  a  report  on  the 
experiments.  Two  departments  of  the  station  are  carrying  on  exper- 
iments at  this  place,  namely,  the  agronomy  and  the  horticulture 
departments.  Tests  of  dry-farm  crop  rotations  and  cereal  grain 
investigations  have  been  going  on  for  some  years.  During  the 
past  year  the  Office  of  Forage  Crops  Investigations,  U.  S.  Depart- 
ment of  Agriculture,  started  work  on  a  large  scale,  over  seven  hun- 
dred plots  being  used.  This  is  a  line  of  work  of  very  great  impor- 
tance to  the  dry  farms  of  Montana. 

The  horticulture  department  has  planted  a  grove  of  trees  and 
shrubs  around  the  buildings  and  adjoining  them  some  tree  and  bush 
fruits.  These  made  excellent  growth  during  the  year.  For  two 
years  experiments  have  been  continued  with  potatoes,  testing  the 
varieties  and  methods  of  cultivation  that  will  give  best  results. 
Some  interesting  and  valuable  data  have  been  collected. 

The  Huntley  substation  gives  us  large  returns  for  the  State 
investment,  as  about  160  acres  are  here  used  for  experimental  work. 
Dry  farming  and  irrigation  studies  are  being  carried  on  and  a  much 
greater  variety  of  crops  are  grown  than  is  possible  at  Bozeman 
because  of  the  longer  season  and  more  favorable  weather  conditions. 
During  the  year  some  pasture  experiments  were  started  with  hog> 
and  with  cows.  These  will  be  extended  during  the  coming  year, 
in  cooperation  with  our  animal  husbandry  department.  If  this  line 
of  work  is  extended  at  this  substation  as  is  contemplated,  additional 
funds  will  be  needed  after  this  year  to  permit  the  animal  husbandry 
department  to  properly  follow  up  the  work. 

By  a  provision  of  the  act  passed  by  Congress  opening  the  F<»rt 
Assiniboine  Military  Reservation  to  settlement,  the  State  received 
2,000  acres  of  land  and  all  the  fort  buildings  at  a  cost  of  So.otin. 
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Contingent  upon  this  action  by  Congress  the  State  had  established 
an  experiment  station  at  this  place  and  made  an  appropriation  for 
carrying  on  the  work.  It  was  rather  late  in  the  season  before  we 
came  into  possession  of  the  property  so  all  that  it  was  possible  to 
do  last  year  was  to  fence  an  area  suitable  for  the  experimental  work 
and  to  break  the  land  and  prepare  it  for  fall  and  spring  seeding; 
about  100  acres  of  land  was  broken.  Horses  and  farm  machinery 
were  purchased  but  these  will  have  to  be  added  to  next  spring. 
Arrangements  were  made  w^ith  the  Dry  Farm  Office,  U.  S.  Depart- 
ment of  Agriculture,  by  which  they  provided  a  superintendent  for 
the  experimental  work.  There  is  promise  of  additional  help  from 
this  source  as  soon  as  the  needed  equipment  and  help  can  be 
obtained.  This  substation  is  well  located  to  serve  a  large  area  in 
this  section  of  the  State.  The  amount  and  character  of  the  land 
and  the  prevailing  climatic  conditions,  together  w^ith  the  large  number 
of  buildings  and  the  stream  of  water  flowing  through  the  farm, 
would  make  this  place  well  suited  for  live-stock  studies  under  dry 
farming  and  range  conditions. 

The  w^ork  at  the  horticulture  substation  in  the  Bitter  Root  Valley 
is  developing  satisfactorily.  A  good  crop  of  fruit  for  a  young  orchard 
was  produced  last  year  and  we  are  beginning  to  get  definite  infor- 
mation on  the  adaptability  of  some  varieties  to  this  district.  It  is 
planned  to  publish  a  bulletin  of  progress  during  the  coming  year. 

THE  GRAIN  LABORATORY 

The  grain  laboratory  was  established  to  serve  the  people  of  the 
State  by  testing  the  purity  and  germination  of  samples  of  seed 
G^rain  and  of  grass  seeds  sent  in  for  examination.  We  also  planned 
through  the  help  of  this  laboratory  to  encourage  some  of  our  farmers 
to  grow  pure  seed  of  high  quality  for  w^hich  the  opportunity  in  the 
State  is  most  excellent. 

The  people  of  the  State  arc  making  larger  and  larger  use  of  the 
facilities  offered  for  seed  testing.  So  much  so  in  fact  that  we  will 
have  to  enlarge  the  quarters  for  the  work  next  year.  A  good  begin- 
ning has  also  been  made  in  the  growing  of  pure  seed  over  the  State. 
The  Seed  Growers'  Association  is  an  excellent  lot  of  men  and  their 
numbers  are  increasing. 

The  grain  laboratory  also  affords  an  opportunity  for  the  testing 
of  the  varieties  of  wheat  grown  on  the  home  farm  and  on  the  sub- 


stations,  and  a  large  number  of  such  tests  have  been  made  during 
the  year.     Bulletin  No.  108  gives  the  results  of  the  season's  work. 

PUBLICATIONS  OF  THE  YEAB 

Five  bulletins,  twelve  circulars,  two  special  circulars,  and  the 
twenty-second  annual  report  comprise  the  publications  of  the  year. 
The  tables  give  full  data  as  to  the  serial  number,  the  size  of  the 
edition,  and  the  pages  in  each  pamphlet,  as  well  as  the  total  number 
printed.  In  addition  to  these  one  poster  circular  was  issued,  "Rem- 
edies Every  Farmer  Should  Keep  in  His  Barn,"  and  four  leaflets 
were  published — **Slender  Chess,"  "Grain  Smuts,"  "Wild  Oats." 
and  Winter-Killing  of  Wheat." 
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BULLETINS  PUBLISHED 

Bulletin  No.  106.  ^'Thinning  Experiments  with  Potatoes — A 
Preliminary  Report,"  by  O.  B.  Whipple,  horticulturist.  This  bulletin 
gives  the  effect  on  yield  and  quality  of  experiments  in  thinning 
potatoes  to  one  stalk  in  a  hill.    One  illustration. 

Bulletin  No.  107.  "Corn  in  Montana — History,  Characteristics, 
Adaptation,"  by  Alfred  Atkinson,  agronomist,  and  M.  L.  Wilson, 
assistant  in  corn  investigations.  This  bulletin  calls  attention  to 
the  economic  importance  of  the  corn  crop,  cites  historical  facts 
showing  its  long  use  in  the  Northwest,  and  describes  types  and 
varieties  adapted  to  Montana.     Thirty-five  illustrations. 

Bulletin  No.  108.  "Second  Annual  Report  of  the  State  Grain 
Laboratory,"  by  Alfred  Atkinson,  director,  and  B.  W.  Whitlock, 
superintendent.  This  is  a  report  on  the  tests  of  seed  grain  made 
during  the  previous  year.     Eight  illustrations. 

Bulletin  No.  109.  "Thirteenth  Annual  Report  of  the  State  Entu- 
mologist,"  by  R.  A.  Cooley,  entomologist.    One  illustration. 

Bulletin  No.  110.  "Dry  Farm  Grain  Tests,"  by  Alfred  Atkinson 
and  N.  C.  Donaldson.  In  this  bulletin  are  given  the  results  of  the 
tests  of  grain  varieties  at  the  Judith  Basin  substation  near  Moccasin. 
Montana,  together  with  a  brief  summary  of  the  tests  made  in  other 
parts  of  the  State.    Eight  illustrations. 

The  Twenty-Second  Annual  Report  of  the  Experiment  Statical 
is  a  brief  report  giving  the  financial  statement,  the  chani^es  and 
additions  to  the  plant,  and  a  review  of  the  work  of  the  year. 

CIRCrLARS  PUBLISHED 

Circular  47.  "Control  of  the  Armv  Cutworm,"  hv  R.  A.  Ct>olcv, 
entomologist.  A  brief  circular  prepared  to  inform  the  farmers  ^^i 
the  State  on  methods  of  controlling  this  insect.  It  is  now  out  ot 
print.    Ask  for  Circular  52,  which  is  a  more  complete  statement. 

Circular  48.  "Flax  Crop  Conditions  for  1915,"  by  F.  B.  Einfield. 
A  reply  to  the  question,  Is  it  safe  to  plant  flax  this  spring? 

Circular  49.  "Suggestions  to  Alfalfa  Growers."  by  Alfred  Atkin- 
son, agronomist,  and  M.  L.  Wilson.  This  deals  especially  with  the 
alfalfa  crop  on  the  dry  farm,  varieties,  methods  of  planting,  liarvcsi- 
ing,  etc.     Thirty-one  illustrations. 

Circular  50.     "Growing  and  Fattening  Hogs  in  ^IcMitana,"  by 
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P.  X.  I-'lint  and  R.  F.  Miller.  This  circular  gives  practical  instruc- 
ticuis  ioT  the  feeding;  of  hugs  for  the  market.     Two  illustrations. 

Circular  31.  "Poisonous  Plants  and  Stock  Poisoning  on  the 
Ranges  of  Montana,"  by  Deane  B.  Swingle,  botanist,  and  Howard 
Welch,  veterinarian.  A  description  of  the  common  poisonous  plants 
found  in  Montana,  the  symptoms  of  poisoning,  and  methods  of  treat- 
ing animals  affected.     Eleven  illustrations. 

Circular  52.  "The  Army  Cutworm  in  Montana,"  by  R.  A.  Cooley, 
entomologist,  and  J.  R-  Parker,  assistant  entomologist.  A  discussion 
of  the  previous  season's  experience  with  this  insect,  together  with 
a  brief  statement  of  its  life  history  and  methods  of  controlling  it. 
Four  illustrations. 

Circular  53.  ''Corn  in  Montana,'*  bv  Alfred  Atkinson  and  M. 
L.  AA'ilson.  This  circular  is  made  up  of  extracts  from  Bulletin  No. 
107,  ''Corn  in  Montana."  The  results  of  tests  with  corn  in  eastern 
Montana  are  given,  probable  corn-growing  districts  in  the  State 
are  pointed  out,  and  the  types  and  varieties  likely  to  do  well  in 
these  districts  are  listed.     Twenty-six  illustrations. 

Circular  54.  "Selecting  and  Curing  Seed  Corn,"  by  Alfred  Atkin- 
son and  M.  L.  Wilson.  This  circular  shows  largely  by  pictures 
the  various  methods  of  selecting,  curing,  and  testing  seed  corn. 
Twentv-three  illustrations. 

Circular  55.  "Blasting  Ditches,"  by  H.  E.  Murdock,  agricultural 
engineer.  Observations  on  some  experiences  in  digging  ditches 
with  dynamite  on  the  college  farm.     Seven  illustrations. 

Circular  5G.  "Artificial  Brooding  and  Chick  Feeding,"  by  Wm. 
I*^.  Schoppe,  poultry  man.  Advice  on  the  management  and  operation 
of  a  type  of  artificial  brooder  that  has  given  good  results  at  the 
experiment  station,  followed  by  a  discussion  of  our  methods  of  feed- 
ing the  growing  chicks,     lught  illustrations. 

Circular  57.  "Tul)erculosis  in  Poultry,"  by  Dr.  Howard  Welch. 
A  report  cai  observations  made  on  the  extent  of  tuberculous  infection 
in  some  districts  and  suggestions  as  to  the  eradication  of  the  disease. 
Seven  illustrations. 

Circular  5S.  "Sclerostome  Worms  in  Horses,"  bv  Dr.  W.  f. 
Hartman.  This  circular  calls  attention  to  an  infection  which  is 
destroying  some,  but  impairing  the  usefulness  of  more  horses.  Atten- 
tion is  called  to  the  pro])able  sources  of  infection  and  how  they  may 
J»^  av(.ided.     Eitrht  illustrations. 
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SPECIAL  CIRCULARS 

Special  Circular  3.  "List  of  Breeders  of  Pure  Bred  Live  Stock 
in  Montana."  A  list  of  the  breeders  of  pure-bred  horses,  cattle, 
sheep,  and  swine,  as  reported  by  the  county  assessors. 

Special  Circular  4.  *'List  of  Breeders  of  Standard  Bred  Poultry 
in  Montana."  This  is  a  list  of  breeders  as  reported  by  the  county 
assessors. 

THE   ENTOMOLOGY   DEPABTMENT 

R.  A.   Cooley,  Entomologist 

The  species  of  insects  outnumber  all  other  kinds  of  animals  put 
together,  and  considering  that  most  species  are  also  very  abundant 
in  individuals  it  is  small  wonder  that  on  the  average  the  total  agri- 
cultural output  in  the  United  States  is  reduced  by  about  10  per  cent 
annually  through  insect  depredations.  The  presence  of  many  destruc- 
tive species  in  Montana  creates  the  need  for  a  vast  amount  of  research 
and  control  work  in  order  that  we  may  hold  to  a  minimum  the 
amount  of  damage  done  and  be  prepared  to  meet  the  new  problems 
as  they  arise. 

In  order  that  the  work  of  this  department  may  be  done  in  a 
comprehensive  and  efficient  manner  a  system  of  study  and  record- 
keeping is  mamtained.  Notes  are  prepared  for  publication  in  bulletins, 
circulars,  and  journal  articles,  and  an  extensive  correspondence  is 
conducted.  The*  State  collection  of  insects  is  in  the  entomologist's 
laboratories.     This  now  numbers  some  45.000  specimens. 

The  problems  of  insect  control  are  probably  not  very  well  under- 
stood by  the  general  public.  They  are.  however,  none  the  less  tan- 
gible and  important.  As  nearly  as  can  be  estimated,  100,000  acres 
of  winter  wheat  was  eaten  off  by  the  army  cutworm  in  the  spring  (U* 
1915.  A  vast  amount  more  would  have  been  eaten  but  for  the  rem- 
edies that  were  used.  In  connection  with  this  outbreak  the  ento- 
mologist had  an  opportunity  to  study  the  pest  and  devise  melh(  ds 
and  plans  for  its  control  in  the  future. 

The  entomologist,  through  his  connection  with  the  State  Bcnird 
of  Entomology,  State  Quarantine  Board,  and  as  State  Entomologi-^t. 
has  very  important  work  to  perform.  The  work  of  investigatinn 
and  control  of  the  spotted  fever  tick  and  the  house  Hy,  which  has 
been  in  progress  for  several  years,  has  been  continued  with   par- 
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ticular  success  durinp^  the  past  year.  The  present  indications  are 
that  through  the  work  that  is  being  done  the  spotted  fever  difficulty 
in  western  Montana  will,  within  a  few  years,  be  done  away  with. 
\'ery  distinct  and  encouraging  progress  has  already  been  made. 
The  effort  to  prevent  the  introduction  of  the  notorious  alfalfa  weevil 
is  being  kept  up.  This  dreaded  pest  has  not  yet  established  itself 
in  Montana. 

The  year  has  been  a  particularly  satisfactory  one  in  the  research 
work  in  entomology.  Excellent  progress  has  been  made  in  the 
study  of  the  sugar-beet  root-louse  and  one  valuable  article  has 
been  published.  Very  distinct  progress  was  made  in  the  study  of 
the  life-history  of  the  army  cutworm.  The  time  and  place  of  egg- 
laying  have  been  determined  and  the  number  of  broods  per  year 
has  been  definitely  established.  The  western  wheat  aphis,  which 
has  caused  great  loss  already  and  is  becoming  more  and  more  prev- 
alent, has  been  taken  up  as  a  special  topic  of  research.  Excellent 
progress  has  been  made  and  one  manuscript  was  published  during 
the  vear. 

THE   BOTANY  AND  BACTEBIOLOOT   DEPABTMBNT 

Deane  B.  Swingle,  Botanist  and  Bacteriologist 

The  demands  upon  this  department  are  becoming  increasingly 
heavy,  both  for  investigational  work  and  for  the  dissemination  of 
the  information  already  collected. 

Under  the  Adams  fund  a  bulletin  is  being  prepared  upon  arsen- 
ical injury  through  the  bark  of  fruit  trees,  the  investigational  work 
having  been  completed.  Another  bulletin  will  be  written  during 
the  summer  of  1916  on  the  work  nearly  finished  upon  arsenical 
injury  to  the  foliage  of  fruit  trees. 

Some  study  has  been  given  during  the  last  few  years  to  the 
much  disputed  point  as  to  whether  apple  trees  affected  with  crown 
i^'^all  will  make  a  recovery  if  planted  in  the  orchard.  In  1910  a  small 
orchard  with  half  the  trees  affected  with  this  disease  and  the  other 
half  health V,  was  set  out  at  the  horticultural  substation  in  the 
1  Utter  Root  Valley.  This  year  a  portion  was  removed  for  exam- 
ination of  the  roots.  It  was  found  that  some  of  the  affected  trees 
had  made  a  practically  perfect  recovery,  while  others  were  some- 
what stunted,  with  a  very  inferior  root  system.  It  seems  probable 
that  the  character  and  location  of  the  gall  is  an  important  factor. 
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Excellent  results  were  had  in  the  spring  of  1915  in  the  control 
of  plum  pocket,  caused  by  Taplirina  pmini.  This  disease  is  quite 
serious  on  many  of  the  tdmericana  varieties  and  especially  on  the 
ancestral  wild  plum,  which  is  sometimes  brought  under  cultivation. 
Hitherto  no  satisfactory  method  of  control  has  been  proposed.  On 
trees  sprayed  with  lime-sulphur  very  few  diseased  plums  could  be 
found,  while  on  the  unsprayed  checks  more  than  half  were  destroyed. 
The  critical  times  for  spraying  seem  to  be  just  before  the  flower 
buds  open  and  just  after  the  petals  fall.  If  this  treatment  continues 
to  give  as  good  control  as  it  has  in  these  tests,  the  results  will  be 
of  national  importance. 

A  plum  leaf  gall  caused  by  the  mite  Eriophyes  pvuni  interfered 
considerably  with  this  investigation  but  was  controlled  almost  per- 
fectly by  a  spray  of  lime-sulphur  in  the  spring  while  the  trees  were 
still  dormant. 

Considerable  progress  has  been  made  in  a  study  of  potato  dis- 
eases. More  than  seventy  isolations  have  been  made  of  Fnsariuin 
fungi  causing  either  wilt  or  dry  rot.  Quite  a  number  of  these  are 
different  species  but  studies  on  them  are  not  complete.  We  now 
believe  that  the  wilts  and  dry  rots  are  the  most  destructive  potato 
diseases  in  the  State.  The  bacterial  disease  known  as  blackleg 
appears  to  have  been  widely  introduced  and  is  of  rapidly  increasing 
importance  in  Montana.  Experiments  are  under  way  to  determine 
the  extent  to  which  these  diseases  are  carried  with  the  seed,  and 
whether  or  not  it  is  safe  to  plant  again  on  land  that  has  just  pro- 
duced a  diseased  crop. 

Fields  of  alfalfa  affected  with  root  diseases  are  reported  with 
increasing  frequency  and  present  a  problem  that  is  in  great  need 
of  investigation. 

Only  one  new  project  has  been  undertaken  during  the  year. 
This  is  a  study  of  an  orchard  disease  known  as  brown  bark  spr^t. 
It  attacks  the  buds,  twigs,  limbs,  and  even  trunks  of  fruit  trees, 
killing  them  outright.  It  gives  considerable  evidence  of  being  con- 
tagious, but  the  cause  has  not  yet  been  determined. 

The  demand  for  inform^^i.-^^  ce^ncernino;  c^tock  poisoning  and 
plants  which  cause  it  has  be^^  ^  by  ^  i^^^^  e\rcvi\ar  by  the  bc^tany 
and  the  veterinarv  departm^j 
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THE  AOBONOMY    DEPABTMENT 

A.  Atkinson,   Agronomist 

The  growing  season  of  1915  was  unusual  in  that  the  precipi- 
tation was  abnormally  high,  during  July  especially,  and  the  pre- 
vailing temperature  for  this  month  was  below  normal  in  most  sec- 
tions of  the  State.  These  conditions  combined  to  make  the  drv-land 
grain  yields  high,  to  delay  ripening  in  many  places  so  that  frost 
injury  was  common,  and  to  cause  immaturity  in  warm  weather  crops 
like  corn. 

The  work  of  the  year  may  be  briefly  summarized  under  the 
following  heads:  (1)  experiments  to  find  what  crops  are  best  ti> 
grow^  in  ^lontana;  (2)  experiments  to  determine  the  best  time  and 
the  best  methods  of  preparing  the  soil  and  of  planting  the  crops 
which  are  being  commonly  grown ;  (3)  experiments  with  different 
crop  rotations;  (4)  investigations  on  the  inheritance  of  plant  char- 
acters and  the  water  requirements  of  different  plants. 

Tests  with  different  crops. — These  include  tests  with  a  large 
number  of  kinds  of  grain,  root  crops,  and  forage  crops.  Efforts  are 
made  to  procure  seeds  from  all  parts  of  the  world.  These  are  grown 
under  irrigated  and  dry-land  conditions  and  those  which  pnne 
superior  in  Montana  are  increased  and  distributed  for  growth  on 
the  farms  of  the  State.  During  1915  seed  of  the  Sixty-Day  oat  and 
the  White  Smyrna  barley  was  distributed  to  farmers  in  different 
sections  of  Montana.  These  varieties  had  been  tested  at  the  Judith 
Basin  dry-land  station  for  a  number  of  years  and  had  proved  to  be 
better  vielders  than  the  other  drv-land  varieties.     The   Sixiv-Dav 
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oat  was  imported  from  southern  Russia  by  the  United  States  g«>v- 
ernnient  in  1901.  The  White  Smvrna  barlev  was  broue^ht  into  this 
country  from  Asia  Minor.  The  experimental  tests  indicate  that 
these  two  varieties  will  substantiallv  increase  the  returns  in  drv- 
land  spring  grain  when  they  become  commonly  grown  in  the  State. 

In  the  irrigated  tests  a  variety  of  oats.  O.  A.  C.  Xo.  7*2,  has 
shown  superiority  in  point  of  yield  and  in  the  ability  of  the  straw 
to  stand  without  lodging  through  the  season.  It  is  the  plan  t'» 
increase  this  varietv  in  1916  so  as  to  L>et  it  introduced  (  n  the  farni*^ 
of  the  State. 

Flax  tests  under  irrigation  in  1915  show  that  this  crop  may 
be  a  valuable  one  under  such  conditions.     Yields   of  38.0   bushel^ 
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per  acre,  41.4  bushels  per  acre,  and  40. T  bushels  per  acre  were  har- 
vested in  different  flax  tests. 

Among  a  large  number  of  fodder  crops  tested,  the  Mammoth 
Russian  sunflower  gave  the  highest  yield.  When  cut  green  in  con- 
dition for  silage  this  crop  yielded  36.75  tons  per  acre.  A  limited 
amount  was  put  in  the  silo  and  it  promises  value  as  a  silage  crop. 
It  is  the  plan  to  test  this  more  fully  the  coming  year  as  the  indi- 
cations point  to  its  having  an  important  place  as  a  silage  crop,  either 
by  itself  or  when  mixed  with  corn. 

During  the  season,  seed  of  the  leading  varieties  of  corn  was 
sent  to  a  number  of  counties  in  the  State  for  test.  The  results 
show  that  such  early  maturing  varieties  as  Dakota  White  Flint, 
Gehu  Flint,  and  Northwestern  Dent  are  adapted  for  growth  over 
considerable  of  the  State.  There  is  much  need  for  the  establishment 
of  a  coin  experimental  station  in  eastern  ^fontana  where  corn- 
growing  conditions  are  very  favorable.  For  the  present  it  is  the 
plan  to  continue  wath  the  distribution  of  seed  corn  through  the 
county  agriculturists. 

The  season  of  1915  was  relatively  unfavorable  for  root  crops 
as  the  yields  were  considerably  below  the  average  of  previous  years. 
The  mangel  yields  ranged  from  16  to  22  tons,  which  is  about  half 
the  amount  yielded  in  1914.  The  yields  of  turnip  varieties  were 
from  22  to  26  tons  per  acre  and  of  carrots  20  tons  per  acre. 

Tests  with  time  and  methods  of  tillage  and  planting. — Extensive 
dry-land  tillage  experiments  were  carried  on  at  the  Judith  Basin. 
Huntley,  and  Fort  Ellis  stations  during  1915.  Work  was  also  organ- 
ized at  the  North  Montana  substation,  which  is  located  eight  miles 
south  of  Havre  in  Hill  Countv.  Nearlv  a  hundred  acres  of  land 
was  broken  at  this  last  station  and  quite  a  large  number  uf  fall 
crops  w^ere  planted.  The  tillage  work  at  these  points  includes 
studies  in  the  effects  of  plowing  the  land  at  different  times,  of 
various  methods  of  surface  tillage,  and  the  different  methods  of 
tillage  during  growth  of  such  crops  as  corn  and  potatoes.  The 
unusually  high  precipitation  interfered  somewhat  with  the  tillage 
work,  but  this  was  carried  through  in  the  best  manner  possible  and 
data  of  interest  were  accumulated.  To  find  out  the  best  time  to 
plant  different  crops,  date-of-seeding  tests  were  carried  through  the 
season.  As  in  previous  years,  early  seedins^  with  most  of  the  crops 
gave  better  results  than  late  seeding. 
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Crop  rotation  studies. — In  cooperation  with  the  Office  of  Dry 
Land  Agriculture  of  the  U.  S.  Department  of  Agriculture,  the  exten- 
sive dry-land  rotation  studies  which  have  been  going  on  for  several 
years  at  the  Judith  Basin  and  Huntley  stations  were  successfully 
carried  through  the  season  of  1915.  It  is  the  plan  to  prepare  a 
publication  this  coming  winter,  giving  the  results  of  the  rotation 
tests  so  far  conducted.  While  in  the  nature  of  rotation  tests  it  is 
important  that  they  continue  over  a  long  period  of  years,  yet  the 
results  of  1915  emphasize  the  conclusions  which  were  indicated  by 
results  of  former  years  in  showing  the  advantage  of  growing  crops 
like  corn  instead  of  bare  fallow.  In  most  of  the  rotations  greater 
profits  were  realized  where  an  intertilled  crop  was  put  in  than 
where  the  land  was  allowed  to  lie  fallow  and  surface-tilled  between 
the  regular  grain  crop  years. 

Investigations  in  the  inheritance  of  plant  characters  and  the 
moisture  requirements  of  crops. — Good  results  were  obtained  from 
the  inheritance  studies  in  oats  and  from  the  tests  to  determine  the 
moisture  requirements  in  plants.  The  oat  inheritance  work  was 
designed  to  determine  the  characters  which  are  intimately  associated 
in  grow'th,  and  the  1915  results  indicate  that  certain  characters  are 
associated  in  such  a  way  that  influences  affecting  one  character 
exert  an  influence  on  the  allied  characters.  The  tests  to  determine 
the  moisture  requirements  of  plants  were  carried  on  in  duplicate 
sets  of  tanks  with  early  and  late  maturing  varieties  of  wheat,  oats, 
and  barley,  and  the  results  showed  lighter  moisture  demand  for 
the  production  of  the  early  maturing  varieties  than  for  the  later 
maturing  sorts. 

The  peculiarity  of  the  season  of  1915  in  so  far  as  the  climatic 
factors  were  concerned  clearly  emphasizes  the  need  of  a  continuance 
of  field  invest ii:];^ation  work  over  a  long  period  of  years.  The  tests 
of  any  single  year  ought  not  to  be  taken  as  a  general  averat^e  cf 
what  a  locality  will  do  over  a  long  period. 

THE  ANIMAL  HUSBANDRY  DEPARTMENT 

(\    X.   Arnett,   Animal    Husbandman 

The  problems  of  the  animal  husbandman  in  Montana  are  divided 
into  two  general  fields,  i.  e.,  problems  of  the  farm  or  small  ranch. 
Ixith  on  drv  and  irritrated  land,  and  those  of  the  ranee.    The  widelv 


TWENTY-SECOND    ANNUAL    REPORT  245 

varying  climatic,  feed,  and  marketing  conditions  found  in  different 
sections  of  the  State  increase  the  problems  of  the  stockman  to  a 
great  extent  and  it  is  the  object  of  the  Department  of  Animal  Hus- 
bandry to  study  and  conduct  experiments  and  demonstrations  that 
will  be  of  practical  assistance  to  the  greatest  number.  It  is  needless 
to  say  that  definite  conclusions  can  only  be  drawn  after  tests  have 
been  repeated,  in  some  cases  several  times,  and  all  results  verified. 
The  character  of  the  various  problems  in  breeding,  feeding,  and 
management  of  live  stock  necessitates,  in  some  cases,  experiments 
that  continue  through  several  years,  and  this  coupled  with  the  neces- 
sity of  repetition  for  dependable  data  means  that  results  that  are 
Oi  a  scientific  or  practical  value  can  not  be  obtained  in  a  year. 
Therefore  I  shall  give  only  a  progress  report  at  this  time. 

The  work  during  the  past  year  has  been  with  beef  and  dairy 
cattle,  sheep,  and  swine.  All  work  being  done  on  the  station  farm 
is  under  irrigated-land  conditions  except  the  feeding  and  grazing 
of  the  beef  cattle,  which  is  carried  on  at  the  dry-land  farm — Fort 
Ellis. 

The  changing  of  much  of  the  grazing  land  of  the  State  into 
farms  and  small  ranches  during  the  past  few  years  has  materially 
reduced  the  number  of  beef  cattle  produced  and  grazed  in  Montana. 
Much  of  this  land  is  better  adapted  to  beef  production  than  to  any 
other  type  of  farming  because  of  the  water,  grazing,  winter  feeding, 
and  marketing  facilities.  These  conditions  can  not  be  changed  to 
any  great  extent,  consequently  the  problem  of  beef  production  on 
a  small  scale  is  of  paramount  importance  in  Montana. 

This-  problem  involves  breeding,  summer  grazing,  winter  feed- 
ing, marketing,  and  the  general  management  of  beef  cattle.  The 
work  in  progress  has  clearly  demonstrated,  in  actual  dollars  and 
cents,  the  value  of  the  pure-bred  sire  of  correct  type  and  quality 
in  grading  up  and  improving  the  ordinary  beef  stock.  The  records 
on  summer  grazing  show  almost  conclusively  that  under  farm  or 
small  ranch  conditions  the  greater  profits  are  secured  when  the 
surplus  stock  is  marketed  at  an  early  age.  The  data  on  winter 
feeding  show  that  the  mature  breeding  stock  must  be  carried  on 
cheap  feeds  if  the  beef  produQ^^-  is  to  enjoy  a  profit  from  his  work. 
Calves  and  yearlings  were  f^j  a  ^^g^^  ration  of  grain  with  clover 
hay,  oat  straw,  and  clover  sij  ^e  ^^  roughage.  These  trials  demon- 
strated that  these  feeds  coul-i  ^    ^^^rketed  in  this  manner  at  a  profit. 
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The  large  influx  of  small  farmers  has  greatly  increased  the 
interest  in  dairy  production.  The  questions  of  building  up  a  dairy 
herd,  feeding  for  winter  production,  and  general  management  under 
Montana  conditions  are  the  problems  under  consideration  by  the 
department.  Some  preliminary  work  in  the  use  of  different  crops 
for  silage  was  conducted  A  short  feeding  test  with  sunflower  silage 
in  comparison  with  clover  silage  gave  fair  results.  This  will  neces- 
sarily have  to  be  carried  on  in  a  more  comprehensive  way  before 
reliable  statements  can  ])e  published.  If  the  sunflower  plant  can 
be  satisfactorily  utilized  as  silage,  it  will  And  a  place  on  bc^th  dry 
and  irrigated  farms  because  of  its  heavy  yield,  having  produced 
slightly  over  39  tons  per  acre  under  irrigation  in  tests  by  the  agnjn- 
omy  department.  The  department  is  preparing  a  complete  report 
of  the  breeding,  feeding,  care  and  management  of  the  c(«llege  and 
station  dairy  herd,  covering  a  period  of  seven  years,  that  will  be 
ready  for  publication  within  the  coming  year. 

The  work  with  sheep  and  wool  has  been  largely  conhned  t-^  a 
scientific  study  of  the  eflfect  of  nutrition  upon  the  elasticity  and 
strength  of  wool.  A  comparison  of  different  rations  for  wintering 
pregnant  ewes  is  also  in  progress. 

Experiments  with  a  number  of  forage  crops  for  swine  were 
conducted  during  the  past  year.  Alfalfa,  rape,  peas,  oats  and  peas,  oat^, 
and  barley  were  compared.  In  addition  to  the  forage,  the  pigs  were 
given  '2  pounds  of  ground  hull-less  barley  per  100  pounds  of  live 
weight.  The  results  of  the  season's  work  indicate  that  under  irri- 
gated conditions  alfalfa  and  rape,  supplemented  by  barley,  give  the 
best  results  when  the  carrying  capacity  and  length  of  grazing  seasi-n 
are  considered,  alfalfa  having  an  advantage  over  rape  chiefly  in 
length  of  grazing  period. 

In  addition  to  a  comparison  of  forages,  the  amount  at  grain 
to  feed  on  forage  was  studied.  One,  two,  and  three  pounds  of 
ground  hull-less  barley  to  each  100  pounds  of  live  weight  was  fed 
to  different  lots  of  pigs  on  mixed  grass — alfalfa,  white  clover,  blue 
grass,  timothy,  and  brome  grass.  The  ration  of  1  pound  of  grain 
gave  slightly  the  most  economical  results  for  the  170  days  the  pigs 
were  on  forage,  but  when  the  lots  were  fed  to  a  200-pound  market 
weight,  the  lot  receiving  3  pounds  during  the  grazing  season  finished 
on  approximately    12   pounds  less  grain   per  100  pounds  gain  and 
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20  days  earlier  than  the  lot  that  received  2  pounds,  and  approximately 
40  pounds  less  total  grain  and  30  days  earlier  than  the  lot  receiving 
only  1  pound  of  grain.  In  addition  they  were  fatter  and  thicker  hogs 
at  a  200-pound  w^eight.  This  work  w^ill  be  repeated  on  a  more 
extensive  scale  during  the  coming  season. 

These  several  lines  of  work,  with  slight  variation,  will  be  con- 
tinued through  this  next  year. 

THE  CHEMISTBT  DEPABTMENT 

Edmund  Burke,  Chemist 

During  the  year  1914-15  this  department  has  worked  on  six 
projects,  three  of  which  were  carried  on  under  the  Adams  act. 

Artificial  incubation  of  eggs. — The  work  on  this  problem  is  a 
continuation  of  that  of  former  years.  The  results  indicate  the  cor- 
rectness of  our  report  for  1913-14.  In  the  past  this  work  was  car- 
ried on  with  eggs  from  hens  which  had  no  records  as  to  the  fertility 
of  the  eggs  produced.  This  fact  has  seriously  affected  the  value 
of  our  results.  The  poultry  department  now  has  complete  records 
of  many  of  its  hens  for  a  period  of  three  years  and  will  cooperate 
in  selecting  eggs  from  hens  of  known  records.  This  assistance  will 
aid  materially  in  securing  reliable  data. 

A  study  of  the  conditions  favoring  the  development  and  control 
of  nitrates  in  the  soil,  in  cooperation  with  the  agronomy  depart- 
ment.— This  work  consists  of  the  analysis  of  soils  from  different 
plots  of  ground  cultivated  and  cropped  in  different  ways.  The 
analyses  consist  mainly  in  the  determination  of  nitrates,  but  during 
the  past  year  total  nitrogen,  humus,  and  total  organic  matter  were 
determined.  The  results  of  our  analyses  do  not  show  any  perceptible 
loss  of  organic  matter,  nitrogen,  or  humus.  Subsequent  analyses 
may  possibly  fail  to  confirm  this  statement.  The  results  of  our 
nitrate  problem  simply  confirm  the  findings  given  in  our  1913-14 
report  and  for  convenience  may  be  stated  again.    They  are  as  follows : 

1.  Fallow  plots  show  higher  nitrates  than  crop  plots. 

2.  There  is  an  accumulation  of  nitrates  in  all  plots  except  those 
growing  alfalfa  and  brome  grass.  There  is  also  a  downward  move- 
ment of  the  nitrates  in  the  soil. 

3.  In  all  crop  plots  nitrates  are  higher  in  the  spring  than  in 
the  summer  or  fall.  This  is  especially  true  in  the  upper  four  feet 
of  soil. 

4.  In  the  summer-fallow  plots  the  nitrates  are  higher  in  the 
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fall  than  in  the  spring,  showing  an  accumulation  during  the  summer 
and  fall  months. 

5.  The  sod  crops,  alfalfa  and  brome  grass,  show  low  nitrates 
at  all  sampling  seasons. 

6.  Nitrites  are  absent,  or  nearly  so,  in  the  first  two  or  more 
feet  and  seem  to  increase  from  the  stratum  of  the  soil  containing 
the  least  amount  of  moisture  to  the  extreme  depth  of  sampling,  ten 
feet.  The  formation  of  nitrites  seems  to  indicate  the  denitrification 
of  the  nitrates  as  they  sink  to  greater  depths  in  the  soil. 

7.  Generally  speaking,  there  is  also  an  increase  of  nitrates  from 
the  time  the  last  sampling  is  made  in  the  fall  until  the  first  sampling 
in  the  spring. 

8.  Cropping  and  cultivating  the  plots  for  6ve  year9-4*«s  not 
in  general  reduced  the  percentage  of  nitrogen,  humus,  and  organic 
matter  to  any  appreciable  extent. 

The  physiological  effects  of  arsenical  compounds  upon  vegeta- 
tion, in  cooperation  with  the  botany  department. — The  work  on  this 
problem  is  a  continuation  of  the  work  reported  last  year.  Several 
arsenical  compounds  were  analyzed  to  determine  their  chemical 
composition  and  purity.  Aside  from  this  the  investigation  consisted 
almost  entirely  in  determining  the  solubility  of  arsenic  in  lead  arsen- 
ates when  treated  wth  soap  solutions  of  different  concentrations. 
Diiferent  brands  of  laundry  soap  were  used  in  this  investigation 
and  all  were  analyzed  for  total  and  free  alkali.  The  result  of  this 
work  indicates  that  the  solubility  of  arsenates  is  greatly  increased, 
depending  somewhat  on  the  concentration  of  soap  solution  and  more 
on  whether  or  not  the  lead  arsenate  is  a  normal  or  acid  compound. 
The  acid  arsenates  show  by  far  the  greater  percentage  of  soluble 
arsenic.  This  investigation  proves  quite  conclusively  that  soap  of 
any  brand  should  not  be  used  with  any  of  the  lead  acid  arsenates 
for  the  purpose  of  spraying  fruit  trees  and  it  is  a  question  if  even 
the  hardier  vegetables  will  not  be  affected  by  the  use  of  such  a  spray 
mixture. 

The  nutritive  value  of  clover  cured  as  hay  and  as  silage,  in 
cooperation  with  the  animal  husbandry  department. — ^The  work  on 
this  problem  consists  in  collecting  samples  of  hay  and  samples  of 
silage  for  the  purpose  of  obtaining  complete  data  on  the  composition 
of  the  feed  used  in  our  digestion  experiments.     In  determining  the 
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digestibility  of  clover  hay  and  clover  silage  when  fed  to  a  steer, 
three  digestive  periods  of  ten  days  each  were  carried  on  with  the 
clover  hay,  three  with  clover  hay  and  silage,  and  one  with  silage 
alone.  At  the  time  of  conducting  these  experiments  the  animal 
husbandry  department  was  carrying  on  feeding  experiments  with 
the  same  clover  hay  and  silage.  This  gives  us  a  means  of  comparing 
practical  tests  with  the  results  obtained  in  the  digestion  experiments. 
The  analytical  work  on  this  experiment  is  nearly  completed  and 
the  results  of  the  investigation  will  soon  be  ready  for  publication. 

A  study  of  tree  injury  caused  by  abnormal  {cod  supplies,  in 
cooperation  with  the  horticulture  department. — This  project  was 
outlined  in  the  spring  of  1914  for  the  purpose  of  studying  tree  injuries 
in  the  Bitter  Root  Valley.  During  the  present  year  some  forty  or 
fifty  samples  of  soil,  mostly  from  the  upper  end  of  the  Bitter  Root 
Valley,  have  been  analyzed  for  nitrogen,  phosphorus,  potassium, 
and  calcium.  Most  of  the  samoles  were  selected  from  locations 
where  we  could  assist  the  botany  department  in  studying  the  brown 
bark  spot  injury.  The  results  of  the  analyses  indicate  that  there 
is  at  least  a  lack  of  nitrogen  and  phosphorus  in  the  soils  where  the 
brown  bark  spot  injury  is  most  prevalent,  and  it  is  possible  that 
in  a  few  cases  the  soil  is  deficient  in  calcium. 

The  possibility  of  a  lack  of  plant  foods  in  these  soils  was  also 
suggested  by  the  results  obtained  with  fertilizers  at  the  horticultural 
substation,  where  the  soil  is  not  so  low  in  plant  foods  as  soil  where 
the  brown  bark  spot  injury  is  most  prevalent.  The  evidence  »f 
this  injury  being  caused  by  abnormal  food  supplies  is  sufficient  to 
justify  the  expenditure  of  a  sufficient  sum  to  carry  on  fertilizer 
experiments.  The  departments  of  horticulture  and  chemistry  have 
therefore  outlined  such  experiments  to  be  carried  out  on  a  five-acre 
tract.  Fertilizers  will  be  added  to  this  orchard  as  soon  as  the  weather 
will  permit  next  spring. 

Another  cause  for  injury  to  trees  and  also  to  field  crops  in  the 
Bitter  Root  Valley  is  the  abnormally  large  quantities  of  nitrate  in 
the  soil  in  certain  sections.  The  presence  of  these  salts  in  abnormal 
quantities  was  first  brought  to  our  attention  during  the  fall  of  1912, 
but  it  is  only  during  the  last  year  that  the  matter  has  received  any 
special  study.  It  now  seems  quite  certain  that  some  of  the  fruit 
trees  in  the  Bitter  Root  \''allev  are  dying  from  this  cause.    We  hope 
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to  continue  our  investigation  on  the  occurrence  of  nitrates  in  abnor- 
mal quantities  next  year  and  will  then  be  in  a  position  to  give 
more  definite  information  as  to  the  extent  of  these  deposits  and 
also  the  damage  incurred. 

Meteorology. — The  work  of  keeping  up  our  meteorological  data 
is  the  same  as  in  former  years.  We  continue  to  keep  a  record  of 
the  maximum  and  minimum  temperatures,  wet  and  dry  bulb  read- 
ings, the  amount  and  duration  of  precipitation,  wind  velocity,  wind 
direction,  and  hours  of  sunshine. 

Aside  from  the  six  projects,  we  have  considerable  work  which 
must  be  classified  as  miscellaneous.  This  consists  chiefly  in  the 
analysis  of  soils,  insecticides,  and  fertilizers,  detection  of  poisons, 
and  the  analysis  of  grain. 

The  analyses  of  soils  are  made  for  farmers  who  are  encountering 
soil  difficulties.  On  the  basis  of  our  analysis  we  advise  them  as  to 
what  condition  or  plant  food  supplies  are  lacking  in  their  soil  and 
how  the  difficulties  may  be  overcome.  In  doing  this  work  we  keep 
a  record  of  the  location  from  which  each  sample  is  taken.  By  this 
method  the  station  is  accumulating  valuable  data  relative  to  the 
soils  in  diflferent  parts  of  the  State. 

We  have  received  several  samples  of  formaldehyde  sent  in  by 
farmers  who  wish  to  use  this  for  treating  their  grain.  Most  of  the 
samples  have  been  up  to  standard  in  strength  but  in  two  or  three 
c^ses  we  found  them  w^eak,  which  will  explain  why  farmers  who 
use  formaldehyde  to  treat  their  grain  for  the  destruction  of  smut 
occasionally  report  little  or  no  beneficial  results. 

Several  cases  of  suspected  poison  have  also  been  handled  by 
the  department. 

During  the  year  eight  samples  of  grain  were  analyzed  for  the 
grain  laboratory. 

THE    HOBTICULTimE    DEPABTMENT 

O.  B.  Whipple,   Horticulturist 

The  work  of  this  department  may  be  grouped  under  four  gen- 
eral headings — vegetable  work,  fruit  culture,  tests  of  ornamental 
trees  and  shrubs,  and  potato  proiects. 

Mulching  experiments  were  continued  during  the  year  with 
something  over  twenty  different  ^  egetables.    The  purpose  has  been 
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to  compare  the  growth  of  such  crops  when  mulched  with  five  or 
six  inches  of  straw — the  straw  controlling  weeds  and  conserving 
moisture — with  those  grown  under  cultivation.  The  mulch  had 
a  retarding  influence  on  practically  all  crops.  This  was  particularly 
noticeable  in  the  case  of  the  warm-season  crops  like  corn,  squashes, 
pumpkins,  and  cucumbers.  While  the  mulch  conserved  more  moisture 
than  cultivation,  the  seasonal  rainfall  was  sufficient  so  that  even 
the  cultivated  crops  did  not  surfer.  The  mulch  lowered  the  soil 
temperature,  and  so  far  as  the  growth  of  the  crop  was  concerned  . 
this  more  than  offset  the  increas3d  moisture  conservation.  Cauli- 
flower was  the  only  crop  which  showed  any  improvement,  the  yield 
and  quality  of  heads  being  considerably  better  on  mulched  pb.ts. 
One  interesting  observation  of  the  season  was  that  plants  on  mulched 
plots  suffered  much  more  from  the  frosts  of  late  spring  and  early 
fall.  They  seemed  to  l)e  afforded  very  little  protection  by  radiation 
of  heat  from  the  soil,  in  many  cases  showing  severe  frost  injury 
while  cultivated  plants  showed  hardly  a  trace  of  injury.  This  work 
will  be  repeated  in  other  sections  of  the  State  where  conditions  are 
hotter  and  drver  than  at  Bozeman. 

The  work  upon  premature  seeding  of  celery  showed  that  seed- 
lings started  February  2d  and  set  in  the  field  June  17th  produced 
6i  per  cent  of  seed  stalks,  while  seedlings  started  March  2d  and 
set  in  the  field  June  ITth  produced  only  15  per  cent.  Soil  made 
very  rich  with  well  rotted  manure  increased  the  percentage  of  seed 
stalks  in  the  case  of  early  planting  about  20  per  cent  as  compared 
with  plants  in  good  average  greenhouse  soil.  Moving  plants  of 
the  early  planting  to  the  cold  frames  early,  where  their  growth 
was  checked  by  cool  temperatures,  increased  the  amount  (^f  seed 
stalks  by  30  per  cent,  or,  in  other  words,  over  00  per  cent  of  the 
plants  so  treated  produced  seed  stalks.  Severe  trimming  of  the  tops 
at  transplanting  time  also  had  a  tendency  to  increase  the  number 
of  seed  stalks. 

Variety  tests  were  continued  with  cabbage,  cauliflower,  and 
onions.  Succession  and  Late  Flat  Dutch  cabbages  yielded  best 
but  Danish  Railhead  produced  the  best  crop  for  storage.  Of  the 
varieties  of  cauliflower  tested,  Half-Early  Paris  was  the  most  sat- 
isfactory. Australian  Brown  and  Yellow  Globe  Danvers  onions 
proved  very  satisfactory  varieties. 
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Results  reported  from  the  horticultural  substation  in  the  Bitter 
Root  Valley  show  that  apple  trees  in  plots  which  have  been  in 
clover  two  out  of  each  three-year  period  since  the  orchard  was  planted 
have  not  only  made  the  best  growth  but  have  produced  the  most 
fruit.  The  orchard  has  just  completed  its  eighth  year  of  growth. 
During  the  same  period  on  plots  clean  cultivated  the  trees  have 
not  only  produced  less  fruit  and  less  growth  but  are  now  in  very 
bad  condition  due  to  lack  of  soil  fertility. 

Of  the  varieties  of  apples  under  test,  Fallowater,  Winter  Banana, 
Palouse,  Wismer  Desert,  Wagener,  and  Wealthy  have  during  the 
past  year  been  seriously  affected  with  blight.  Wealthy  has  shown 
greatest  susceptibility  at  the  crown  of  the  tree  and  just  below  the 
surface  of  the  ground.  It  would  seem  worth  while  to  double-work 
Wealthy  on  some  more  resistant  body  if  the  variety  is  to  be  planted 
commercially.  Vanderpool  Red  still  shows  promise  of  becoming  a 
good  commercial  apple  for  such  altitudes  as  that  of  the  Bitter  Root 
Valley.  The  variety  is  of  good  quality  and  stands  up  well  in 
common  cellar  storage  until  the  first  of  June. 

Of  the  sour  cherries  under  test,  Dyehouse  and  Baldwin  appear 
to  be  the  best  early  ones  and  Morello  and  Wragg  the  best  late  ones. 

Tests  conducted  at  the  Judith  Basin  substation  have  demon- 
strated that  even  in  the  non-irrigated  sections  of  the  State  a  good 
collection  of  ornamental  trees  and  shrubs  can  be  grown. 

Extensive  potato  work  has  been  carried  on  both  at  the  home 
station  and  at  the  dry-land  substation  in  Fergus  County.  This 
work  has  included  variety  tests,  distance-of-planting  tests,  thinning, 
ridge,  and  level  cultivations,  and  seed  selection. 

At  the  Judith  Basin  substation  the  varieties  yielding  best  were 
Pearl,  Green  Mountain,  and  Carman  No.  1.  Thinning  tests  con- 
ducted at  the  same  substation  showed  a  slight  decrease  of  marketable 
tubers  as  a  result  of  thinning  but  a  much  better  quality  of  marketable 
tubers  from  thinned  plots.  Green  Mountain  gave  the  highest  yields- 
of  marketable  tubers  under  dry-land  conditions  when  planted  from 
123/2  to  15J/2  inches  apart  in  the  row.  Under  dry-land  conditions 
ridging  slightly  reduced  the  yield  of  marketable  tubers. 

At  the  home  station.  Russet  Burbank  has  proved  the  most  sat- 
isfactory main  crop  variety  under  irrigation.  The  crop  is  almost 
invariably  of  good  quality,  free  from  scab,  and  keeps  exceptionally 
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well  in  storage.  Green  Mountain  ranks  second  among  the  late 
potatoes,  and  those  of  the  Early  Ohio  type  are  the  most  promising 
of  the  early  potatoes  tested. 

Thinning  tests  were  conducted  with  the  Burbank,  Green  Moun- 
tain, and  Rural  New  Yorker  types.  Only  in  the  case  of  Russet 
Burbank  was  the  yield  of  marketable  tubers  increased  by  thinning. 
Tests  conducted  to  determine  the  effect  of  thinning  at  different  dates 
show  that  early  thinning  is  essential  for  the  best  results. 

Pure  lines  of  Russet  Burbank  and  Rural  New  Yorker,  isolated 
in  1913  by  hill  selection  and  tested  in  1914,  were  again  tested  in 
1915.  While  in  1914  these  pure  lines  far  outyielded  common-stock 
seed,  this  increase  was  not  noticeable  in  1915.  Three  years'  planting 
of  cull  seed  in  the  case  of  Russet  Burbank,  Early  Rose,  and  Rural 
New  Yorker  has  shown  only  a  slight  increase  in  the  percentage  of 
culls  produced  by  such  seed  as  compared  with  selected  seed. 

AGBIOULTUBAL   ENGINEERING  DEPARTMENT 

n.   E.   Murdoek,    Agricultural   Engineer 

Agricultural  engineering  is  the  science  and  art  of  applying 
mechanical  facts  and  forces  so  as  to  give  improved  efficiency  in 
agricultural  production.  It  has  for  its  aim  the  improvement  of 
living  conditions  on  the  farm;  the  betterment  of  the  farm  home 
by  increasing  its  conveniences ;  the  study  of  farm  conditions  and 
appliances  to  determine  how  with  less  labor  more  work  can  be 
accomplished;  and  a  study  of  tools,  implements,  and  machinery  in 
regard  to  their  use  and  adaptation  to  various  farm  operations. 

The  necessities  of  life  are  derived  from  the  land.  But  the 
amount  of  land  is  limited;  thus,  ultimately,  the  number  of  people 
it  is  capable  of  supporting  will  probably  also  be  limited.  This 
limit,  however,  may  not  be  reached  for  ages,  and  before  it  is  many 
additions  will  be  made  to  the  area  of  arable  land  at  present  under 
cultivation.  The  agricultural  engineer  will  have  a  prominent  part 
in  making  these  additions.  Efficiency  in  the  use  of  the  earth's  surface 
is  the  basis  for  making  possible  the  support  of  the  maximum  popula- 
tion, and  the  constant  aim  of  the  agricultural  engineer  is  to  increase 
this  efficient  use. 

In  1910,  3,600,000  acres  of  land  was  under  cultivation  in  Montana. 
Not  all  of  this  land  is  plowed  and  cultivated  each  year,  but  after 
allowing  a  good  percentage  for  summer  fallow  the  number  of  horse- 
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power  hours  necessary  to  plow  and  cultivate  the  soil  and  to  care 
for  and  harvest  the  crops  is  enormous.  Plowing  alone  would  require 
about  20,000,000  horsepower  hours  of  work.  The  value  of  the  farm 
lands  was  $226,771,000;  the  value  of  the  farm  buildings,  $24,855,000; 
and  the  value  of  the  implements  and  machinery,  $10,540,000.  One 
million,  six  hundred  and  seventy-nine  thousand  acres  of  land  was 
irrigated  at  a  cost  of  $23,000,000  for  the  construction  of  the  irrigation 
works.  Thus  the  farm  investment  in  those  things  which  come  within 
the  province  of  the  agricultural  engineer  is  enormous  and  fully 
warrants  the  establishment  of  the  agricultural  engineering  depart- 
ment of  the  experiment  station  for  the  study  of  the  engineering 
problems  of  the  farm.  There  are  several  general  groups  with  many 
subdivisions  into  which  these  problems  may  be  divided.  The  main 
divisions  are  farm  machinery,  farm  motors,  rural  architecture,  irri- 
gation, drainage,  roads,  water  supply,  and  sanitation. 

The  department  has  planned  with  the  limited  funds  provided 
to  investigate  the  problems  of  most  pressing  importance.  Necessary 
improvements  by  various  departments  of  the  station  afford  oppor- 
tunity for  much  experimental  work.  During  the  past  year  the  poultry 
department  set  several  hundred  fence  posts,  which  were  treated  in 
various  ways  in  an  attempt  to  increase  their  durability.  During  the 
coming  year  the  farm  department  will  set  many  posts  which  will 
also  be  included  in  the  experiment.  Certain  portions  of  the  station 
farm  are  in  need  of  drainage  and  this  affords  an  opportunity  to 
investigate  different  methods  and  systems  of  drainage  as  adapted 
to  various  soils  and  topographical  conditions. 

Throughout  the  State  are  many  thousands  of  acres  of  water- 
logged land  due  to  overirrigation.  Studies  of  this  condition  are 
being  made  with  the  hope  of  finding  methods  of  preventing  or  over- 
coming the  trouble. 

Within  the  State  are  very  large  areas  of  irrigable  land  not  yet 
provided  with  a  water  supply.  While  the  water  supply  of  the  State 
is  abundant,  the  getting  of  this  water  to  the  land,  particularly 
through  economic  methods  of  pumping,  presents  a  very  large  prob- 
lem. The  department  is  working  at  this  problem,  and  a  report  on 
some  preliminary  tests  is  now  ready  for  the  press. 

The  control  of  weeds  and  through  these  the  control  of  moisture 
in  the  soil  is  of  very  great  importance  in  a  dry  country.    Experiments 
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are  being  made  with  a  large  variety  of  tillage  implements  to  study 
their  qualities  as  efficient  and  economic  weed  destroyers. 

The  depreciation  of  farm  machinery  in  the  State  is  probably 
between  one  million  and  one  and  one-half  million  dollars  a  year, 
and  any  investigations  which  help  reduce  this  amount  through  proper 
care  and  more  intelligent  use  will  be  of  great  value.  Three  years 
ago  there  were  about  three  thousand  traction  engines  in  the  State 
with  an  aggregate  of  over  one  hundred  thousand  horsepower.  Since 
that  time  a  great  many  more,  especially  small  sizes,  have  been  bought 
by  the  farmers.  The  economic  use  of  the  tractor  on  the  farm  is 
being  investigated  by  the  station  that  we  may  be  able  to  advise 
intelligently  on  its  use. 

Every  farm  must  have  a  water  supply.  Water  intended  for 
human  consumption  affords  one  of  the  best  mediums  for  carrying 
disease  germs.  A  polluted  water  supply  in  the  rural  districts  not 
only  endangers  the  rural  population  but  also  the  urban  population 
who  secure  supplies  of  dairy  and  other  products  from  farms.  To 
secure  a  wholesome  water  supply  may  not  cost  more  than  one  that 
is  polluted.  Closely  related  to  the  water  supply  is  the  question  of 
household  sanitation  and  sewage  disposal.  Much  more  experimental 
work  on  sewage  disposal  under  Montana  conditions  is  needed  before 
we  can  give  the  best  advice  on  this  subject.  Work  has  been  started 
looking  to  a  solution  of  some  phases  of  this  problem. 

The  agricultural  engineering  department  is  receiving  inquiries 
on  all  these  subjects.  While  experiments  have  been  started  on 
many  of  the  lines  mentioned,  there  is  need  and  a  demand  for  much 
enlargement  of  the  work. 

THE    POULTRY    DEPAKTMENT 

Wm.   F.   Schoppe,   Poultryman 

During  the  year  two  important  changes  have  been  made  at  the 
poultry  plant. 

In  the  late  summer  and  early  fall  of  1915,  house  No.  2 — a  con- 
tinuous open-front  house — was  remodeled.  The  roosting  pens  were 
torn  out  and  the  roosts  placed  across  the  back  of  each  pen,  and  tlie 
entire  front  was  removed  and  replaced  by  a  combination  glass  and 
curtain  front,  so  arranged  that  each  pen  now  has  one  large  glass 
window  and  one  open  window  provided  with  a  cloth  curtain.  This 
change  has  proved  very  satisfactory  as  it  not  only  provides  room 
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for  over  a  third  more  birds  but  in  addition  has  rendered  the  house 
more  comfortable.  Communication  with  the  different  pens  was  pro- 
vided for  by  a  runway  along  the  front  on  the  outside  of  the  house 
instead  of  inside  as  heretofore. 

During  the  fall  a  mammoth  incubator — 3,000-egg  capacity — w^as 
installed  and  will  be  used  for  the  hatching  of  our  chickens  next  season. 

One  new  project  has  been  started  and  all  of  the  old  ones  con- 
tinued through  the  year.  The  object  of  this  new  project  is  to  deter- 
mine the  normal  rate  of  growth  and  the  cost  of  production  of  mature 
pullets.  The  preliminary  work  on  this  project  was  started  last  spring 
and  carried  on  through  the  summer.  The  work  will  be  taken  up 
again  the  coming  spring. 

The  project  pertaining  to  breeding  for  Ggg  production  has 
received  considerable  attention  during  the  year.  The  pedigree  sys- 
tem of  breeding  has  made  it  possible  to  keep  closer  watch  of  results 
and  to  obtain  more  definite  information  concerning  the  various 
changes  in  production  which  appear  from  time  to  time.  The  obser- 
vations on  this  problem  have  also  led  to  the  study  of  other  subjects 
which  are  of  great  importance  to  the  poultryman.  In  this  connection 
we  are  now  considering  the  effect  of  age  on  egg  production  and  the 
inheritance  of  reproduction  as  indicated  by  the  percentage  of  normal 
cliicks  produced. 

The  project  on  crate  fattening,  started  in  the  fall  of  1914,  was 
continued  during  the  fall  of  1915.  Some  very  good  results  were 
obtained,  which  would  seem  to  indicate  that  this  system  of  fattening 
could  be  practiced  very  satisfactorily  in  some  sections  and  that  the 
farmers  throughout  the  State  could  well  afford  to  pen-fatten  their 
birds  before  sending  them  to  market. 

THE   VETEBINABT   DBPABTMEKT 

Howard   Welch,  Veterinarian 

In  addition  to  the  work  with  hog  cholera  and  hairless  pigs, 
three  other  problems  have  been  called  to  the  attention  of  the  depart- 
ment during  the  year — the  severe  losses  from  abortion,  especially 
with  mares,  tuberculosis  among  poultry,  and  the  sclerostome  worms 
in  horses. 

The  establishment  of  a  supply  of  hog-cholera  serum  at  the 
statit)n  in  the  spring  of  1915  greatly  facilitated  the  control  of  that 
disease.     The  State  veterinarian  and  his  deputies,  with  a  supply  of 
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serum  instantly  available,  have  quickly  stamped  out  such  outbreaks 
of  cholera  as  were  reported  to  them,  and  it  has  not  yet  been  necessary 
for  the  station  veterinarian  to  spend  much  time  on  this  disease  other 
than  to  ship  the  necessary  serum. 

The  malady  known  as  hairless  pigs  has  taken  most  of  the  avail- 
able time  and  funds  of  the  department.  The  losses  from  this  cause 
in  1915  are  conservatively  estimated  at  one  million  pigs.  Nearly 
all  the  affected  areas  were  visited,  and  large  numbers  of  soil  and 
water  samples  were  collected  for  analysis.  A  herd  of  experimental 
sows  was  purchased  and  placed  on  an  affected  farm,  and  they  are 
now  on  experimental  diet  with  a  view  to  controlling  the  hairless- 
pig  condition.  About  a  hundred  hairless  pigs  were  collected,  and 
studies  in  cooperation  with  the  department  of  chemistry  indi- 
cate that  the  trouble  is  due  to  a  lack  of  some  element,  per- 
haps iodine,  in  the  soil,  water,  or  feed  on  the  ranches  in  the 
affected  districts.  Our  attention  has  been  called  to  several  cases 
where  colts,  calves,  and  especially  lambs  have  been  born  without 
hair  or  wool  in  the  regions  where  the  hairless  pigs  are  found,  and 
there  is  no  doubt  that  the  trouble  has  the  same  origin.  Plans  are 
being  worked  out  for  extensive  experiments  along  preventive  lines 
and  tliese  will  be  taken  up  as  soon  as  possible. 

Abortion,  both  of  cows  and  mares,  has  been  quite  prevalent  in 
this  vicinity  and  elsewhere  in  the  State,  and  investigation  has  shown 
that  in  many  cases  it  was  due  to  contagious  abortion.  A  series  of 
experiments  with  the  carbolic  acid  treatment  has  been  under  way 
since  spring  with  very  satisfactory  results. 

The  frequency  with  which  tuberculosis  of  poultry  was  reported 
to  this  department  led  to  an  investigation.  It  was  found  that  the 
disease  was  very  prevalent,  that  it  could  be  found  in  every  county 
in  the  State,  and  though  not  generally  recognized  it  was  causing 
large  losses  to  poultrymen  and  ranchers.  A  circular  on  this  disease, 
showing  the  methods  of  eradication,  has  been  prepared  and  will 
soon  be  published. 

It  has  been  known  for  a  long  time  that  the  horses  of  the  north- 
western states  were  extensively  and  seriously  infested  with  an  intes- 
tinal parasite,  one  of  the  sclerostomes,  and  in  some  sections  of  this 
State  this  parasite  has  seriously  menaced  the  horse-raising  industry. 
It  is  of  great  importance   that   the  habits  and   life-history  of  this 
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worm  be  thoroughly  investigated  in  order  that  prevention  can  be 
intelligently  undertaken.  It  is  not  possible  for  us  to  take  up  this 
problem  at  present  because  it  involves  the  purchase  and  maintenance 
of  a  large  number  of  experimental  horses  and  other  animals  and  in 
other  ways  would  be  too  expensive. 

The  increased  demand  for  information  on  the  various  plants 
poisonous  to  stock  has  made  it  necessary  for  this  department  to 
collaborate  with  the  department  of  botany  in  a  circular  which  will 
soon  be  distributed.  Stock-poisoning  plants  are  of  vital  interest  to 
stockmen  and  the  circular  should  be  the  means  of  lessening  their 
losses  from  this  source. 

THE   FARM   MANAGSIHSNT   DEPABTMENT 

E.  L.  Currier 

For  a  number  of  years  a  great  deal  of  information  has  been  at 
hand  on  subjects  related  to  the  growth  of  plant  and  animal  life  on 
the  farm,  but  it  has  only  been  within  very  recent  times  that  an 
attempt  has  been  made  to  correlate  crop  and  stock  enterprises  on 
the  farm  in  such  a  way  as  to  give  the  largest  continuous  profit  to 
the  farmer.  This  new  science  that  is  being  developed  is  known  as 
farm  management. 

It  was  early  recognized  that  before  much  progress  could  be 
made  in  farm  organization,  it  would  be  necessary  to  make  careful 
studies  on  a  large  number  of  farms  for  the  purpose  of  determining 
the  normal  relationships  of  the  different  elements  of  a  farm  business 
and  noting  the  variations  from  this  normal  and  the  resultant  effect 
on  the  farm  profits.  To  determine  some  of  these  things  for  Montana 
conditions,  farm-management  surveys  have  been  made  in  two  impor- 
tant areas  of  the  State — one  in  the  Gallatin  Valley,  the  other  in 
the  sugar  beet  region  tributary  to  Billings.  Some  of  the  more  impor- 
tant conclusions  from  the  Gallatin  survey  are  as  follows: 

1  .  For  largest  profits  in  this  region,  farms  should  be  not  less 
than  200  acres  nor  more  than  400  acres  in  size. 

2.  At  least  one-fifth  of  the  total  capital  invested  in  the  farm 
business  should  be  reserved  as  working  capital. 

3.  Farms  should  have  enough  stock  to  consume  all  cheap  feed*: 
and  waste  products,  but  not  so  much  as  to  compel  the  Use  of  any 
considerable  portion  of  feed  stuffs  with  a  high  market  value. 
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4.  The  best  profits  are  attained  on  farms  where  a  little  more 
than  two-thirds  of  the  receipts  are  from  cash  crops. 

5.  The  two  most  profitable  cash  crops  are  peas  and  oats,  in 
the  order  named. 

In  addition  to  the  farm-management  surveys,  cost-of-production 
studies  are  being  carried  on  in  cooperation  with  farmers  in  different 
parts  of  the  State.  The  purpose  of  these  studies  is  to  determine 
the  actual  cost  of  each  operation  in  the  production  of  every  farm 
product ;  also  to  ascertain  the  relation  of  different  factors  to  this  cost 

In  addition  to  the  two  lines  of  work  indicated  above,  much  atten- 
tion has  been  given  to  the  matter  of  working  out  systems  of  farm 
accounting  suitable  for  use  on  farms  in  this  State.  In  response  to 
a  considerable  demand  for  such  systems,  farm  record  books  have 
been  prepared  by  this  department  and  furnished  to  farmers  of  the 
State  at  cost. 

Among  the  more  important  projects  that  should  be  undertaken 
by  this  department  at  the  earliest  opportunity  that  funds  will  permit, 
is  a  thorough  survey  of  the  dry-land  areas  in  the  eastern  part  of  the 
State.  Data  from  preliminary  studies  indicate  that  there  are  some 
factors  under  dry-land  conditions  which  operate  in  a  manner  the 
reverse  of  what  has  been  generally  supposed.  A  thorough  survey 
would  establish  the  facts  in  the  case,  and,  as  mentioned  before,  should 
be  undertaken  at  the  first  opportunity. 

Farm  management  investigations  were  begun  at  the  experiment 
station  in  the  spring  of  1913.  At  that  time  a  man  was  secured  to 
carry  on  this  work  under  the  direction  of  the  agronomy  department. 
In  the  spring  of  1915  Farm  Management  was  made  a  separate  depart- 
ment and  another  man  was  added  to  devote  his  entire  time  to  the 
work. 

The  field  as  yet  is  practically  undeveloped,  but  it  seems  that 
as  time  goes  on  this  type  of  work  should  be  of  great  value  to  the 
agriculture  of  the  State. 
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SX7MMABY  FOB  THE  YEAB  1915 

Highest  temperature 90®,  August  30 

Lowest  temperature -17°,  December  30 

Greatest  range   107® 

Highest  monthly  mean 64.2®,  August 

Lowest  monthly  mean 20.43®,  January 

Highest  daily  mean 69®,  August  30 

Lowest  daily  mean -8.2®,  December  30 

Mean  temperature  for  year 41 .68® 

Greatest  total  precipitation  for  the  month 4.44  inches,  June 

Lowest  total  precipitation  for  the  month 05  inch,  February 

Total  rainfall 24.72  inches 

First  killing  frost ^ September  14 

Last  killing  frost May  16 

Number  of  clear  days  in  year 144 

Number  of  partly  clear  days  in  year 164 

Number  of  cloudy  days  in  year 57 

Days  with  0.01  inch  or  more  precipitation 120 
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